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PREFACE. 

It is hardly necessary for the author of the following volume to 
make amr excuses for its publication, since, notwithstanding the multi- 
plicity of books on the same subject, there seems to be none, which are 
exactly adapted to the object for which this is principally designed. 
The Conversations on Chemistry and the works of Parke and Joyce, 
besides the interlocutory form in which they are written, are objec- 
tionable in not containing the recent discoveries, and improven^nts 
in the science; and the volimie of Dr. Turner, though free from 
these objections, is too large ior the use of schools and academies. 
In this volume, it has been the intention of the author, not only to 
^ avoid these objections, but, at the same time, to explain the elements 
and doctrines of the science in sufficient detail, to give a competent 
knowledge of its several parts, and in such langua^ as cap be under- 
stood by those who will out read the book attentively and pursue 
the subject in course. 

It appears to the writer, that in teaching Chemistry to youth, its 
elementarjr parts have not been sufficiently insisted on at the begin- 
ning. Of all the sciences, this is the most complete, in respect to its 
language — the order of its arrangement, the succession of its subjects, 
and consequently in the facRity with which it may be learned. But 
from these perfections, arises the absolutenecessity of becoming well 
acquainted with its first principles, before the student can derive, 
and retain any useful knowledge from its study. The nomenclature 
of chemistry, the laws of affinity, and the doctrine of .proportions are 
far more necessary to a proper knowledge of this science, than is a 
knowledge of mathematics to the study of Astronomy. The cause of 
an eclipse, or the reason why the complicated motions of the earth 
should produce a change of seasons, can be fully understood without 
the use of mathematics. But without a knowledge of affinity, and 
<i^ proportions, the decomposition of a salt, or the formation of a definite 
compound, dre absolutely incomprehensible phenomena; nor can 
they be explained without a previous acquaintance with the peculiar 
language of Chemistry. 
^ It is from a conviction of the importance of first principles in learn- 
ing this science, that the author has devoted so much attention to 
^ the imponderable agents, attraction, affinity and galvanism, and to 
^ tiie explanation of definite proportions and chemical equivalents. 
X The doctrine of definite proportions^ being now universally adopted, 

forms one of the fundamental principles of chemical science. And 
5 whether the theory of atoms, which accounts for the facts on which 
15I this doctrine is founded^ be true, or false, the doctrine itself will ever 
^ maintain its integrity, its elements being nothing more tiian the ex- 
^' pressibn of facts wnich experiment and analysis have developed. 
The subject of proportions independently of its'relation to the theory or 
practice of Chemistry, is highly curious and of uncommon interest, 
ixxth to the liaturalist and Uie moral philosopher. To the first it 
shows that the laws of nature are equally inherent and efficient, in 
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dead, and in animated matter, and that the effects of these laws are 
as peculiar and distinctive in the formation of chemical compounds, 
as thev are in the production and habitudes of the different races of 
animals. To the moralist, this subject teaches, that nothing has 
been formed by the fortuitous concurrence of atoms, but that even 
the ^^ stocks and stones" bear the impress of creative a^ncy. and de- 
sign — ^that the air he breathes and tne water he drinks, aretormed of 
invariable proportions of certain ^elements, and that these compounds 
are so precisely adapted to his nature,, and wants^ that the least 
change in the proportion of their cbtastituents would mevitably effect 
his destruction. 

Besides the charms which this subject presents to the reflecting 
student, the composition of compound bodies, in recent books of chem- 
istry, is expressed in equivalent numbers, and therefore cannot be 
understood without a knowledge of the doctrine of {Proportions. The 
author therefore, before the description of each element and com- 
pound, has affixed to its name, at the head of the sections, its com- 
bining number, or atomic weight By this arrangement, the pupil, 
at a single glance, becomes acquainted, not only with the scientific, 
and common names, but also with the composition, and proportions 
of all the compounds described. 

In respect to the authorities which have been consulted in the 
composition of this work, the principal are Dr. Thomson, Dr. Henry, 
Sir W[. Davy^ Mr. Gray, Dr. Ure, Mr. Accinn, Mr. Faraday, the 
Library of Useful Knowledge, the Journal of the Royal Institution, 
Silliman's Journal, and Dr. fumer. 

Of the work of the latter author, free use has been made, his ar- 
rangement of subjects, with some variations having been adopted, 
and his exposition of the doctrine of proportions carefully consulted. 
The work now offered, is not however to be considered ae a servile 
compilation; the former experience of the author as a lecturer, and his 
habit, for many years, of analysing various substances, having 
given him opportunities, not only of verifying the deductions of 
others, but occasionally of maMng new experiments for himself. 

Hartford, March 1, 1831, 
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CHEHISTRY. 



/ Chemistry is that science which investigates the composi- 
'tion and properties of bodies, and by which we are enabled 
to explain the causes of the natural changes which take place 
in material substances. 

Science has been divided into two great branches, the one 
comprehending all those natural changes which are accompa- 
nied by sensible motions ; the other, including all those natu- 
ral events accompanied by insensible motions. The first 
science is called Natural Philosophy ; including also the 
Philosophy of Mechanics, and the laws of motion. The 
second is known under the name of Chemistry, or Chemical 
Philosophy. ^ 

As a science^ Chemistry is of the highest importance to 
mankind, since by its investigations, th^ practical arts are^cgn. 
stantly improving. 

All chemical knowledge is founded on analysis and synthe- 
sisy that is, the decomposition of bodies, or the separation of 
compounds into their simple elements, or the recomposition 
of simple bodies into compounds. y 

When water is passed through a red h<^tube, in the form 
of steam, it is decomposed ; its oxygen uluting with the iron, 
while its hydrogen passes away in a state of freedom, or may 
• be collected and retained. This is called analysis ; and the 
bodies so separated from each other, if they cannot again be 
decomposed are called elements. Thus hydrogen and oxygen 
are the elements of water. When oxygen, which may be 
obtained pure, as will be seen in another place, is burned 
with hydrogen, a quantity of water will be formed. This is 
called synthesis, or the recomposition of water from its ele- 
ments. Thus all knowledge of this science is obtained by 
experiment. ^ 

_ ■III! 11. II I ■ ■ " M ■■■ I .lilt— I !■ III. ■ 11^ 

What is chemistry ? How is science divided ? What is the found- 
ation of all diemical knowledge ? What is analysis ? What is syn* 
thesis f 
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10 Xl[FOin)EBA.B|.]B AGENTS. 

As a science, chemistry is intimately connected with a 
great variety of natural phenomena. All satisfactory ex- 
planation of the causes of rain, hail, dew, wind, earthquakes, 
and volcanoes, have been given by the aid of chemical 
knowledge. The phenomena of respiration, the decay and 
growth of plants, and the functions of several parts of ani- 
male are also explained in a satisfactory manner, only by the 
aid of chemistry. 

• As an art, chemistry is connected, more or less, intimately 
with nearly every branch of human industry, and particular- 
iy with agriculture and manufactures. In its application to 
agriculture, chemistry furnishes the most direct and certain 
means of ascertaining what a barren soil wants to make it a 
fhiitful one, and also what ingredient any soil requires to 
best adapt it to any given kind of produce. Many of our most 
common and useful articles are manufactured entirely by 
chemical processes. The making of soap, glass, bleaching, 
salts, the several kinds of acids, and almost every kind of 
medicine, depend wholly on the manipulations of chemistry. 
The art of the potter, iron-smith, tanner, sugar-maker, dis- 
tiller, brewer, vinter, paper-maker, and painter, are also con- 
nected in various degrees with chemistry. 

Natural objects may be separated into two great divis- 
ions, or classes, viz. ; Impondera|)ie agents, and Ponderable 
bodies. 



PART I. 

IHPONBERABCE AGENTS. 

The imponderable agents of which we shall treat, are 
Light, Caloric, or Heat, Electricity, Galvanism, and Attrac- 
tion. These are called imponderable agents because they 
possess no appreciable weight. The investigation of many 
of the properties of these agents, and particularly of light 
and attraction', belong to the several departments of Natural 
Philosophy, but theiy each possess properties also, which are 
tftrictly chemical, and it is these properties only, which it is 

proposed here to examine. 

II , 

What are among the natural phenomena which chemwtry explains ? 
What are among the most important arts which derive advantage from 
chemistry ? How are natural objects divided ? What are the impon- 
derable agents f Why are these agents called imponderable f 
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CALOBIC. 

Heai is the seoiation which one feels when he touches a 
body hotter than the hand ; and this sensation is caused by 
the passage of calorie from the hot body to the hand. Thus 
caloric is the cause of the sensation which we call heat, and 
heat is the effect of the passage of caloric into this hand* 
Caloric, then, is the matter , or principle of heat, while heat is 
the sensation produced by the transfer of this principle to the 
living system, from some body hotter than itself. 

Caloric is imponderable ; that is, there is no appreciable 
difference in the weight of a body, whether it is hot or cold. 

This principle seems to be present in all bodies, nor is there 
any known process by which it can bo separated from any 
substance. For since heat constantly passes from the hotter 
to the colder body, until every thing in the same vicinity be« 
comes of the same temperature, so if we take a substance at 
a temperature however low, and carry it to a place where the 
temperature is still lower, this substance would give out heal 
until its temperature became the same with that of the sur- 
rounding air. For instance, if a piece of ice at 32 degrees of 
temperature, could be transported to any place, as in Siberia, 
where the temperature was 60 degrees below 32, then this 
piece of ice would continue to emit caloric, until its tempera- 
ture became only equal to that of the surrounding atmosphere, 
and it would therefore give out 60 degrees of heat. It will 
be quite obvious to any one, that if a piece of iron, or any 
other substance, be carried from the open air on a summer's 
day, where the heat was 92, to an ice house, where the heat 
was only 32, that (he iron would continue to part with its heat 
until it became of the same temperature with the ice, and 
therefore that it would, in a short time, lose 60 degrees of heat, 
as indicated by the thermometer. 

Heat and cold* are therefore merely relative terms, and so 
far as our sensations are concerned, depend on circumstan- 
ces. Thus we call a body cold when its temperature is lower 
than our own, and it has at the same time, the power of con'- 
ductmg heat rapidly. That the sensation of cold, which we 



When one touches a body hotter than his hand, why does he 
nsation of heat ? What is caloric j* What is heat ? Ho 



feel the 
pensation of heat ? What is caloric ? What is heat ? How is it 
proved that caloric is imponderable ? How is it nhowb that caloric is 
present in all bodies ? What iUustrations show that ice will emit oa« 
lorio ? How are heat and cold relative terms ? How is it shown that 
the sensation of cold often depends on the conducting power of the 
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12 'CALORIC. 

experience, when touching another body with the hand, de- 
pends greatly on the conducting power of the body touched, 
is easily proved by the following experiment. A piece of 
woollen cloth, or fur, and a vessel of quicksilver, being 
placed in the same room, will both indicate the same tempera- 
ture, when the bulb of a thermometer is wrapped in the one, 
or plunged into the other. And yet, if the experiment be 
made in the warmest day of summer, the mercury will feel 
cold to the hand, while no sensation will be produced on 
touching the cloth or fur. Now both articles touched, being 
of the same temperature, it is obvious that the difierent sen- 
sations must depend on the power of the mercury to absorb, 
or conduct away the heat of the hand more rapidly than the 
furor cloth. 

On the contrary, we say a body is warm, or hot, when it 
imparts heat to the hand, more or less rapidly. But this sen- 
sation, to a certain degree, also depends on circumstances, 
and is connected with the relative temperature of the hand, 
and the conducting power of the substance touched. Thus 
if one hand be placed in water at 32 degrees, and the other 
in water at 130 degrees, cmd then both hands be plun^ 
ged in water at 90 degrees, one hand will feel cold, and the 
other warm, though the temperature to which both are expo- 
sed are the same. This principle is illustrated by the differ- 
ent sensations which men and animals experience, when 
transported from a cold and hot climate, to one which is tem- 
perate. A Russian would consider the coldest New England 
winter, a pleasant and comfortable season, while an inhabi- 
tant of Sumatra, or Borneo, would tremble with the cold of 
September. A white bear from Greenland, or a dog from 
Kamscatka, would constantly suffer from the heat, while an 
elephant, or a naked dog from Africa, would require protec- 
tion from the cold. 

One of the most obvious properties of caloric, is, its ten- 
dency to an eguilibrium, that is, its disposition to pass from the 
hotter body tolthat which is colder. Thus if several bodies 
of different temperatures be placed in the same room, the 
warmer body will continue to impart its heat to those which 
are colder until they all indicate the same temperature by 

When do we say, a body is warm, or hot? How is il shown 
that the sensations of heat and cold depend on circumstances ? What 
illustrations are given of this principle ? What is one of the most ob- 
vious properties of caloric ? What is meant by equilibriatn ? How is 
it shown that caloric tenda^ to an equilibrium f 
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CALORIC* 13 

the thermometer. This diatribution i« to equal and general, 
that two thermometers, graduated exactly alike, and placed 
under the same circumstances in the open air, will indicate 
the same degrees of heat though placed miles apart. Thus 
caloric has the power of pervading all substances, and of 
equalizing their temperatures. 

Caloric exists in two different states, viz. in a state of com* 
hmation^ and in a state oi freedom. It has already been 
stated, that all bodies are supposed to contain caloric, but that 
all bodies do not contain sensible heat, or are not warm to 
the touch requires no proof. Common occurrences, however, 
as we have already seen, are sufficient to show, that to a cer- 
tain extent, the sensation of heat depends on circumstances, 
and that it is only necessary that a body touched, should be 
<^ a higher temperature than the hand, for us to perceive the 
sensation of warmth. But it by ne means proves, that be- 
cause the thing touched does not feel warm, that it therefore 
contains no caloric. It follows, therefore, that when the body 
touched, conveys the sensation of heat, that caloric passes 
from the body to the hand, andlhis is called /ree, or uncom* 
hined caloric ; but that when no sensation follows, the heat 
is combined, or latent, in the body touched, and therefore is 
not imparted to the hand. , 

Combined or Latent Caloric. This is also sometimes called 
caloric of Jkiidity, because in the conversion of solids into 
fluids, a quantity of heat is absorbed which is not indicated 
by the thermometer, and which, therefore, becomes latent in 
the fluid. 

The experiments of Dr. Black, in relation to this subject, 
are highly curious and interesting. These experiments 
prove, that if a pound of water at 32 degrees be mixed with 
a pound of water at 172 degrees, the temperature of the 
mixture will be intermediate between them, and therefore 
102 degrees. But if a pound of ice at 32 degrees be mixed 
with a pound of water at 172 degrees, the ice will soon be 
dissoKed, and then on applying the thermometer to the water 
thus formed, it will be found at the same temperature that 
the ice was before the addition of the warm water, and there- 
fore at 32 degrees instead of 102 degrees, as before. In 

What canclnsion ie drawn from the fact that caloric is equally dia* 
trtbuted ? What are the two states in which caloric ezbts ? & it a 
proof that a body contains no heat because it does not feel warm ? If 
every body contains heat, why does it not always feel warm? What 
is free heat .' What is latent heat ? How many degrees of heat be- 
come latent durine the conversion of ice into water ? 
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14 CALORIC. 

this experiment, therefore, the pound of hot water lost 140 
degrees of caloric which is employed in melting the ice, and 
which is not appreciable by the thermometer, but remains 
latent in, the water. It follows, then, that a quantity of ca- 
loric becomes insensible during the melting of ice, which, 
were it free, or uncombined, would raise the temperature of 
the same weight of water 140 degrees ; for, the ice being at 
9S^ degrees, and the water at 172 degrees at the beginning of 
the experiment, and the whole being at 32 degrees at the end, 
the water loses 140 degrees, being the excess of 172 de- 
grees above 3!8. 

It is well known that if a piece of ice be exposed to the 
rays of the hottest sun in the summer, or if it^ is placed in a 
vessel over a fire, the temperature of the ice, or of the wa- 
ter fiowingfrom.it, will not be raised *abov^ 32 degrees, until 
the ice is all melted) when the thermometer placed in the ves- 
sel will instantly begin to rise. Those who have melted 
snow, or ice for culinary, or other purposes, are well aware 
how much more time and fuel it takes to obtain a vessel of 
boiling water from ice, than it does from the liquid itself. 
But this fact is readily accounted for by Dr. Black's experi- 
ment, since we have seen above, that 140 degrees of heat 
are first employed merely in converting the ice into water, 
and that all this caloric does not raise the water one degree 
above the freezing point, or 32 degrees, until all the ice is 
melted. 

This principle is of vast consequence to the world, and 
particularly to the inhabitants of cold climates, where the 
ground is covered with enow and ice, a part, or the whole of 
the year. In s6me northern climates, and particularly in 
Russia, the transition from the cold of winter to the heat of 
summer, takes place within a few days, the ground being 
covered several feet deep with the accumulated snow of the 
winter. Now were it not for the fact above explained, and did 
the snow and ice follow the same law in respect to tempera- 
ture, that we observe in other bodies, this whole mass would 
be turned into water as soon as the temperature of the atmos- 

How 19 this shown by experiment? What common fact shows 
that the temperature of watet cannot be raised as long as it contains 
ice f What circamstances are mentioned under which the great quan- 
tity of caloric absorbed by melting ice, is a blessing to mankind f 
When the temperature of the atmosphere is above the freezing point, 
why does not the snow and ice instantly turn to water ^ , 
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phere became above 32 degrees, and consequently the whole 
country would be inundated and destroyed by the flood. 

But in consequence of the quantity of caloric employed in 
the liquefaction of the snow^ the melting is gradual, and no 
such accident ensues. This is a striking instance of the 
wisdom and mercy of Providence towards man, though to 
most of the world it is unseen and unknown. 

We have mentioned the melting of ice, as being the moat 
familiar example, in most parts of our country, of the con- 
version of a solid into a fluid. But th^ same principle hM» 
with respect to the conversion of all solids into liquids, though 
the quantity of caloric required for this purpose varies with 
the substance. \ 

From the experiments of Dr. Irvine, it appears that the fol- 
lowing named substances vary in this respect very widely, 
and also very unexpectedly. Equal weights of each substance 
are supposed to be employed in the experiments : The de- 
grees indicate the extent to which each would have been 
heated by the caloric of. fluidity, proper to it. Spermaceti 
145 degrees ; Lead 162 deg. ; Bees-wax 175 deg. ; Zinc 
493 deg. ; Tin 500 deg. ; Bismuth 550 deg. 

Steam, 

When water, or other liquids are converted into steam, 
a large quantity of caloric is absorbed, which is not in- 
dicated by t^e thermometer, and which , therefore becomes 
latent in the steam. 

If a thermometer be placed in an open vessel of water, over 
a Are, there will be indicated a gradual increase of heat until 
the water boils, afler which, no increase of the Are will raise 
the temperature of the water another degree ; nor does the 
steam, arising from a vessel of water which boils violently, 
indicate a greater degree of heat than the water itself, or of 
the steam arising from another vessel which boils moderately. 
The steam conveys away all the heat above 212 degrees of 
Fahrenheit's thermometer, which is the temperature of boil- 
ingwater under the ordinary pressure of the atmosphere. 

The quantity of caloric which combines with the water to 
form steam, is nearly lOUO degrees greater than that of the 
same weight of boiling water. In other terms the caloric of 
fluidity in steam surpasses tbiat of an equal weight of boiling 
water by nearly 1000 degrees. Consequently there is near- 

I 

In melting, do other solids besides ice absorb a quantity of caloric not 
appreciable by the thermometer? Why cannot water in an open ve»- 
ael be heated higher than 212 degrees f How many degrees of heal 
does steam contain, which is not indicated by the thermometer ? 
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ly 1000 degrees of heat ia steam which is not indicated by 
tne tbermoineter, and is therefore latent. 

Various methods have been adopted by different philoso- 
phers in order to ascertain correctly the exact quantity of 
latent heat in steam. Among these, one of the latest and 
most simple is that of Dr. Ure, of Glasgow. His apparatus 
consisted of a small glass retort^ with a short neck, inserted 
i^ito a globular receiver of the same material, made very thin 
and about three inches in diameter. This globe was sur- 
rounded with a certain quantity of water, at a known tempo* 
rature in a glass basin. A quantity of water, or other liquid 
to be examined, amounting to 200 grains, was put into the re« 
tort, and rapidly distilled into the globe by the heat of an Ar- 
gand lamp. The heat imparted by the condensation of the 
steam in the globe, to the water contained in the dish, by 
which it was surrounded, was indicated by a verV delicate 
thermometer kept constantly moving through it. By means 
of this contrivance, Dr. Ure foUnd the latent heat of the 
steam of water to be 1000 degrees. That of alcohol, of the 
sp. grav., 825, to be 457, and that of ether about 303. 

We have stated that the ^emperature of boiling water, and 
of stean), is 212 degrees, under the ordinary pressure of the 
atmosphere. The cause of ebullition, or boiling, is the form- 
ation of vapor, or steam at the bottom of the vessel, in con- 
sequence of the application of heat there. The steam being 
lighter than the water, or other fluid from which it is made, 
constantly ascends in bubbles, and escapes from the surface 
into the open air. The process of boiling when conducted 
in a tall glass vessel, over an Argand lamp, may be minutely 
examined, and is both interesting and instructive. 

It is found by experiment, that different fluids at the surface 
of the earth boil at different temperatures, depending gene- 
rally on the specific quantity of the fluid, and also, that the 
same fluid boils at various temperatures, depending on the 
degrees of / atmospheric pressure. Thus under (he same 
pressure of the atmosphere, or on the level of the sea, wa- 
ter boils at 212 degrees. Ether at 100 degrees, alcohol 173 
degrees, Nitric acid, of the specific gravity of 1450 at 
240 degrees, and water, saturated with sea salt, 216 degrees* 

Describe the apparatus of Dr. Ure, to ascertain the quantity of caloric 
in steam f What is the cause of ebullition, or boiling ? On what does 
the boiling temperature of fluids generally depend P Why is the boil- 
ing temperature of water saturated with salt higher than that of pore 
water ? What is said concerning the influence of specific gravity on 
the boiling temperature of liquids? 



We may observe, that in these instances, the boiling of a 
fluid seems to follow a general law depending on its specific 
gravity. This is strictly the case in respect to the boiling point 
of sulphuric acid, which always requires a temperature for 
its ebullition in a direct proportion to its specific gravity. 

Thus according to Dr. Dalton, sulphuric acid sp. gr. 1,408^ 
boilea at 240 degrees, while that of sp. gr. 1,670 boiled at 
860 degrees, that of 1,780, at 435 degrees, and that of 1,850 
at 6^ degrees. 

The boiling point of a fluid is not, hoi^ever, in idl cases 
to be estimated by its specific gravity, the fixed oils requiring 
much higher temperatures than others of the same density. 
Thus linseed oil boils at 640 degrees, though its specific grav- 
ity is less than that of water, and mercury boils at about 660, 
though its specific gravity is about 14 times that of water. 

That water, or any other fluid, will boil with a less degree 
of heat, in proportion as the weight of the atmosphere is re- 
moved, may be readily proved by means of the air pump, or 
by ascending up a mountain, where the air is less dense than 
it is on the level of the sea. 

The most simple illustration of this subject, with the air 
pump, may be made by means of a small vessel of ether ; for 
if this be placed under the receiver, and the air exhausted, 
the fluid will boil, or turn to vapour, during ordinary tempera- 
tures of the atmosphere. 

If a vessel of hot water instead of the ether be placed un« 
der the receiver, and the air withdrawn from it, the water will 
continue to boil until its temperature is reduced down to 70 
degrees. 

Fi?* 1* In the absence of an air pump, the sam^ 

principle may be strikingly illustrated as fol- 
lows. Adapt a good cork to the glass flask, 
fig. 1, so as to make it air tight ; ^put a gill or 
two of water into it, and apply the heat of a 
lamp until it boils. Afierit has boiled for a 
short time, introduce the cork, and at the 
same time take the flask from the fire. It will 
continue to boil 'for a few minutes after its 

J removal. When the ebullition has ceased, 
it will boil again violently on plunging the 
flask into a jar of cold water, as seen in the 

Under what circumstances will water boil at a less temperature than 
212 degrees f At what temperature does water boil when the pressAre of 
the atmosphere is removed ? How may the pressure of the atmosphers 
be removed from a vowel of water, without the use of an air pump i 
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igure. On taking it out of the water, the ehullition will 
cease, but will instantly recommence if a/^ain plunged into 
the water, and this may be continued until the flask is nearly 
cold. 

In this experiment, the boiling is continued in consequence 
of the partial vacuum which is occasioned by the condensa- 
tion of the steam with which the flask was at first filled. If 
the flask be taken from the vessel of cold water, and plunged 
into one of hot water, the boiling will instantly cease, because 
the heat will convert a portion of the water in the flask, which 
had been condensed, into steam, and thus the partial vacuum 
which had been formed will be filled with vapor, the pressure 
of which will prevent further ebullition. 

This principle is beautifully illustrated by the fact, that the 
higher wo ascend from the surface of the earth, the lower will 
be the temperature at which water boils. The reason is ob- 
vious ; the pressure of the atmosphere diminishes in proper* 
tion to the ascent, and the boiling temperature sinks in pro* 
portion as the pressure is removed. 

Upon this principle is constructed the tJiermometric harome* 
Mr, which indicates the elevation of any place above the level 
of the sea, by the temperature at which water boils at that 
elevation. By experiment it has been found that a diflerence 
in elevation, amounting to nearly 520 feet, makes a difler- 
ence of one degree in the boiling point of water. Thus a 
traveller who ascends a high mountain ' may ascertain nearly 
his elevation, by the temperature at which he finds his tea- 
kettle to boil. Thus Saussure found that at a certain station 
on Mount Blanc, water boiled when heated to 187 degrees. 
This being 25 degrees less than its boiling point at the level 
of the sea, allowing 520 feet for every degree^ would give an 
elevation of 13,000 feet. This method Cfdiuiot however be 
very accurate, since the weight of the atmosphere at the same 
place varies at diflerent times about three inches of the ba- 
rometric gauge. \^See Natural PhiUfsophy, article Barometer.'^ 

Evaporation. 
During the process of ebullition, there is a rapid formation 
of vapor, attended by more or less commotion in the liquid. 

Why will the wat^r in the vessel, fig. 1, be made to boil by cold and 
eease to boil by heat ? Why does water boil at a lower temperature 
on a high mountain than 'on the level of the sea ? What instrument is 
9onstn^cted on this principle ? How may a traveller who ascends a 
high mountain ascertain nearly his elevation by the boUing of a tea- 
kettle ? What is evaporation ? 



fiyaporatiovi also cmimts in &e fonnatioii of vapM wftbotH 
heat, but the prpcess is so slow as not to occasion any visible 
commotion hi the fluid. Evaporation takes place, even du- 
ring the coldest seasons, while ebullition* requires various de« 
grees of heat, or at least the removal of atmospheric pies* 
sure. 

To prove that evaporation takes place at ordinary tempera^ 
tares, nothing more is necessary than to expose a quantity of 
water to the open air in a shallow vessel, when it will be found 
g|radually to diminish, and finally to disappear entirely. There 
is, however, a great difference in the rapidity with which dif- 
ferent fluids evaporate, and in general, it is found that those 
whose boiling points are lowest, disappear most rapidly* 
Thus ether, and alcohol, evaporate much more rapidly than 
water. 

The chief circumstances which influence evaporation are, 
extent of surface, and the state of the atmosphere in respect 
to temperature, moisture, and dryness. 

As evaporation takes place only from the surfaces of flui^, 
it is obvious that its rapidity must, under equal circumstances, 
be in proportion to this extent of surface. Thus a given 
quantity of water will evaporate four times as soon from a 
vessel two feet square, bb it will from a vessel of one foot 
flMjuare. In respect to temperature, it hardly need to be re- 
marked, that fluids evaporate more rapidly in warm, than in 
cold situations, and that the process is hastened in proportion 
to the degree of heat employed. 

Fluids evaporate much more rapidly in^a dry, than in a 
damp atmosphere. Even when the season is cold, if the air 
be diy, this process goes on rapidly, while it is comparatively 
slow, during the warmest season, if the air is already satura- 
ted with moisture. 

As evaporation consists in the absorption and subsequent 
removal of successive portions of the evaporating fluid, by 
the air which comes into contact with its surface, it is ob- 
vioim that the process must'be more rapid in a current of air^ 
than it is in a place where the air is still. And hence we 
find by experience, that evaporation is more rapid in the open 

How Ib it shown that evaporation takes place without the aid of heat ? 
What relation does there seem to be between the boUing point of a 
fluid and its eyaporation ? What are the chief circumstances which 
influence evaporation f Is evaporation most rapid in hot or cold weath- 
er f In what doea evaporation consist ? Why ia evaporation more 
rapid in the open air, than in the house f 
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mr than in the house, and that under equal eircumstanceSy it 
is most speedily effected during a strong wind. 

We have already explained, that one of the peculiar cir- 
cun^tances attending the formation of steam, is the large 
quantity of caloric which it absorbs, and carries away. Now 
it appears by experiment, that the conversion of fluids into 
. vappr always requires large quantities of caloric, which be- 
comes latent in the vapor, however slowly the process is car- 
ried on, and hence under ordinary circumstances, evapora- 
tion, by conveying off the heat, has the effect of generating 
cold. To make this fact sensible by experiment, we have 
only to pour a little ether on the hand, when a strong sensa- 
tion of cold will be felt during its evaporation. When our 
clothes are wet by a shower of rain, we feel cold for the same 
reason, but the sensation is less strong, because the evapora- 
tion of water is not so rapid as that of ether. 

It has been explained tbat water boils at a lower tempera- 
ture in proportion as the pressure of the atmosphere is remov- 
ed. For the same reason, evaporation under equal circum- 
stances is most rapid when the weight of the atmosphere is 
removed, as under the exhausted receiver of the air pump. 

The effects produced by the evaporation of water in the 
open air are not strikingly apparent, because the process is 
comparatively slow, and therefore the quantity of caloric car- 
ried away from a body in any given time, is but little more 
than it receives from surrounding objects. But when water 
is placed in a vacuum, its evaporation is very rapid, ^and did 
not the vapor from it fill the vacuum, and thus prevent further 
evaporation, the heat would be carried away so rapidly - as 
80pn to tiirn the water to ice. , 

^''«' 2- This curious 

effect is produ- 
ced by means 
of an instru- 
ment invented 

by Dr. Wollaston, and called the CryophonUj or Frost hearer ^ 
fig. 2. It consists of two glass balls perfectly free of air, and 
joined together by a glass tube. One of the balls contains a 

What is said concemingthe latent heat of vapor ? How is cold pro- 
duced by evaporation ? Does the pressure of the atmosphere influeiice 
this process ? Why does not the evaporation of water from the surface 
af the earth produce intense cold ? How may the evaporation of wa- 
er he made so rapid as to turn itself into ice ? What is the instrument, 
fig. 2, called f 
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portion of distilled water^ while the other parts of the instru- 
ment, which appear empty, are full of aqueous vapor, which 
prevents the further evaporation of the water by the pressure 
it exerts on it. But when the empty ball is plunged into a 
freezing mixture, all the vapor within it is condensed ; and then 
the evaporation becomes so rap 14 from the water in the other 
ball as to freeze it in a few minutes. To make this experi- 
ment succeed, the tube should be a yard long, the balls hold- 
ing about a quart each. The same effect on water will be 
produced by the evaporation of ether under the exhausted re- 
ceiver of an air pump. 

This experiment may be conveniently made by placing a 

little water in a glass cup, and covering it. with ether, a]fter 

p/ « which suspend the cup within the receiver, as 

l" * shown at fig. 3. On exhausting the receiver, 

CI} the ether will boil, in consequence of its rapid 

>^ t>v evaporation, anf} in a few minutes tlM water will 
/ \ be frozen. 








Evaporation takes place constantly, from the 
surfaces of our bodies, and it is owing to this 
circumstance that men are enabled to undergo 
exercise during the heat of summer. 

In general, the more violent the exercise, the 
greater the quantity of perspiration arising 
from the surface, and consequently the greater 
the quantity of heat carried away, in this 
manner nature regulates the helit of the sys- 
tem, and during health sustains the equilibrium of animal 
temperature. Whenever this exhalation from the skin is 
suppressed which only results from disease, the temperature 
of the system rises, and fever succeeds. In some cases of 
this kind the heat of the human body exceeds that of the 
standard of health by seven or eight degrees. 

The natural temperature of the human body in health, is 
about 98 degrees, and whenever the heat of summer is equal 
to that of the body, it becomes exceedingly oppressive. The 
least exertion then brings on cofuous perspiration, which' in- 
deed, prevents the immediate consequence of a higher ani- 
. — «— I ■■ ,■ ■■ ■ - .11 I I I. I .■■ ■ . 

How may water be frozen by the evaporation of ether ? From what 
provision of nature are we enabled to use violent exercise in warm 
weather? How does perspiration relieye us from the effects of excess- 
ive heat ? What is the effect of suppressed perspiration on the tem- 
perature of our system ? 

3 
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mal temperature, but which is generally-succeeded by languor 
and debility. 

It is a wonderful fact, that the living animal has the power 
of resisting both heat and cold, and of maintaining its own 
temperature, whatever may be the temperature of the air or 
water in which it is immersed. Sir Joseph Banks, and Sir 
Charles Blagden', found by experiment that they could endure 
for a short time the heat of a room, the temperature of which 
was 264 degrees, (hat is, 52 degrees hotter than boiling wa. 
ter. These gentlemen found that they could not bear the 
heat of their watch-chains, or metallic buttons, but that their 
chests felt cold to their hands, and that the temperature of 
their bodies was not elevated above 98 degrees. In this 
room, eggs placed in a tin frame, were roasted in twenty min- 
utes, and bepf-steak was well cooked in about the same time. 

Conductors of Caloric. 

Some bodies have the power of conducting caloric much 
more rapidly than others Thus one can hardly hold a brass 
pin for a moment, in the flame of a lamp, without burning his 
fingers, while a piece of glass of the same size, may have 
one of its ends melted with the heat, without warming the 
other. 

Bodies which are most dense are generally the best con- 
ductors. Thus the metals conduct better than stones ; stones 
better than earth ; earth better than wood ; and wood better 
than charcoal, cloth, or paper. But in particular cases there 
is no rel^ition between the density of the body, and its power 
to conduct caloric. Thus platina is the most dense of the 
metals, and still it is one of the worst conductors among them; 
and glass is a worse conductor, than many substances of less 
than half its density. 

The conducting powers of difierent substaqces, are ascer- 
tained by making rods of the same length and^ize, of each 
substance ; one end of which being coated with wax, the 
other end is placed in a vessel of hot water,, and the state of 
the wax on each,, at the end of a given time, will show its 
comparative conducting power. 



What is said of the power of animals to resist heat as well as cold ? 
What striking illustration is given of the power of men to resist heat ? 
What hodies are generally the best conductors of heat ? Are the most 
dense bodies always the best conductors of heat ? How are the con* 
ducting powers of different bodies ascertained f 
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Solid substances, such as the metals, conduct caloric in all 
directions, whether upwards, downwards, or si(|Ieways, with 
nearly equal facility. 

Of all solids, those which are most porous, conduct heat 
with the least facility. It is on this account that flan- 
nel is warmer iQ the winter than silk or linen. It does not 
so readily conduct away the animal heat. It is owing to the 
air, which loose spongy substances involve, that they resist 
the passage of heat better than those of a closer texture. 
Thus eider down, and fur, make the warmest clothing, be- 
cause they contain the most air among their parts, and for 
the same reason cotton batting is much warmer than the same 
weight 'of cotton cloth. 

The imperfect conducting power of snow, also arises from 
this cause. When newly fallen, a great proportion of its bulk 
consists of the air which it contains, as may be readily proved 
by the comparatively small quantity of water it makes when 
melted. Such a provision was designed for the benefit of 
man, in preventing the destruction of various products of the 
earth during the cold of winter. Farmers, in cold climates, 
always lament the nakedness of the earth during the winter, 
because many of their crops are in consequence injured by 
its severity. So great is the protecting effect of snow, that 
in Siberia, it is said, when the temperature of the air has been 
70 degrees below the freezing point, that of the earth under 
the snow has seldom been colder than 32 degrees. 

Our ordinary sensations every day convince us of the dif- 
ferent powers of various substances to conduct heat. In the 
winter, the different articles in a cold room convey very dif- 
ferent sensations to the hand. A pair of tongs will conduct 
away so much heat from the hand as to give a sensation of 
pain, while a piece of fur, or flannel, scarcely feels cold, and 
yet both are of the same temperature, when tested by the 
thermometer. 

Liquids communicate heat with considerable rapidity, 
though they conduct it so imperfectly that Count Rumfoid, 

What kind of soUdi are the wont conductors of caloric ? Why do 
looM^ B^ngy bodies conduct heat more alowlv than others ? Why is 
cotton batting warmed than the same weight of cotton cloth ? In what 
manner does snow protect the earth from the cold of winter? What 
is said to have been the difference between the temperature of the air, 
and the earth covered with, snow in Siberia ? Why does a pair of 
tongs feel cold when a piece of flannel or fur, at the same temperatott, 
gives no sensation ^ How do liquids convey calorie ? 
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after many experiments concluded that they were absolutely 
non-conductors. 

Liquids convey heat chiefly by a change of place among 
their particles. When a vessel of water is placed over the 
fire, that portion of the fluid nearest the heat having imbibed 
a portion of caloric, becomes lighter than before, and rises 
upward, communicating a part of its heat to the portions above. 
At the same time that which is above, sinks to the bottom of 
the vessel, and having obtained its portion of caloric, again 
rises, giving out a share to the surrounding fluid like the form- 
er. In this manner does the water in the different parts of 
the vessel exchange places until the whole gains the tempe- 
rature of 212 degrees. 

But though ^fluids convey heat chiefly by exchanging the 
places of their particles, yet they are not wholly without the 
power of conducting it in any direction. 

Count Rumford, we have already stated, decided from his 
experiments that liquids were perfect non-conductors of heat ; 
but Dr. Murray, and since him, other experimenters have es- 
tablished the contrary doctrine. Dr. Murray's apparatus 
consisted of a vessel of ice, at the bottom of which was placed 
a delicate thermometer. The vessel was then partly filled 
with oil, at the temperature of 32 degrees, so as to cover 
the bulb of the thermometer and nearly touching the oil, was 
suspended an iron cup, into which was poured a quantity of 
boiling water. In seven and a half minutes the heat from the 
water had raised the thermometer from 32 degrees, to 37j 
degrees, when it became stationary, and then gradually be- 
gan to fall. 

Dr. Hope placed water in a vessel of eleven inches in dia- 
meter, and so contrived his apparatus, that a stream of cold 
water should circulate around this vessel, to prevent its con- 
ducting power from affecting the result. He then applied 
heat to the upper surface of the water in the vessel, and found 
by the indications of a thermometer placed in it, that the 
fluid conducted the caloric downwards. 

By such nice experiments only, has it been ascertained, 
that fluids conduct heat downwards ; while under all ordi- 
nary circumstances, they may be considered perfect non- 
conductors. 

Are floida wholly without the power of conducting caloric ? By 
Wlkict method did Dr, Murray determine that fluids were conductors of 
caloric ? in what manner did Dr. Hope ascertain the same fact ? 
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£icpaMtM jpoiMT q/ Heal. 
One of the most remarkable propeitiea of heat ansea Irom 
the mutual repulsion of its particles, so that.whea it entera 
into other substances, it overcomes the dohesive attraction of 
their particles, making them less dense than before, and thus 
enlarging tbeir dimensions. In general terms, therefore, heat 
expamla all bodies. The ratio of this expansion, however, 
differs greatly in diiferent aabstances. Thus, with the eante 
increments of heat, fluids expand more than solids, and aeri- 
form bodies more than fluids. Tliere Is also a considerable 
diflerence in the expansibility of diflerent solids and difiereat 
fluids ; but the aeriform fluids, as air and the gases, all expand 
equally, with the same increase of heat. 

The expansion of a solid is readily proved, by adapting a 
' piece of metal, when cold, to an orifice, or notch, and then 
, heating it, when it wilt be found too large for its former place. 



Fig. 4. 



The cylindrical piece of brass, attach- 
ed to the handle a, fig. 4, is exactly fitted 
] to the notch in the plate b, and also to 
the aperture through the plate, so that it 
will enter Uie notch, and pass through 
the aperture, when cold{ hut when heat- 
ed, even below redness, it will neither 
enter the notch, nor pass through the 
aperture. This proves that heat enlar. 
gea, or expands the dimensions of solids 
in every direction. 

The relative degrees of expansion which 
different solids undergo, at low degrees of 
heat, are shown by an instrument called 
a pyrometer, one form of which is seen at fig. 5. 

Fif. 6. A rod of 

any metal, 
a, is laid on 
the rests, 
nod <»e end 
made to 
touch the 
immoveable 
screw, b, 
while the 

! other touch- 
es the index 

How does beat epentte to enlus* the dinuiwioiii of bodUa? 
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c. The rod is then heated by the spirit latiips d, and its com< 
parative expansion is shown by the multiplied motion of the 
index e, along the graduated scale'. 

In conlparing different substances by means of this instni- 
tnent, it will be necessary that all the rods should be of the 
same size and length, and that the heat of the lamps should 
be applied the same length of time. 

From experiments made with this instrument, it appears, 
that in most instances, there is a relation between the expan- 
sioii of the metals, and their fusibility, and in genenil, that 
those which are most easily fusible, expand most l^ith equal 
increments of hea^. Thus lead, tin, and zinc expand much 
more by the same degrees of heat, than copper, silver, and 
iron, and the fomler are much more easily fusible than the 
latter. 

The expansion of the metals by heat, is oflen turned to 
advantage by certain mechanics and artizans in their business. 
In constructing largb cisterns for brewers, or other manufac- 
turers, the hoops are made too small for the circumference 
of the vessel. They are then heated, and in this state driven 
on the vessel, and as they contract in cooling, the vessel is 
thus bound together more firmly than could be done by any 
other means. Carriage -makers, by heating the iron band, or 
tire, which surrounds the wheels of carriages, and putting it 
in its place while hot, bind these parts together, with thi 
greatest possible firmness. 

The great force with which metals contract on cooling, 
was strikingly illustrated some years since in Paris. The 
two sides of a large building in that city, having been pressed 
out by the weij^ht of its contents and the roof, M. Molard 
proposedxto remedy the evil, by making several holes in the 
tWo walls, opposite to each other, through which, strong iron 
bars should be introduced, so as to cross the inside of the 
building, from one wall to the other. On the projecting ends 
of the bars, on the outside of the building, were screwed 
strong plates of iron. The b^ were then heated, by which 

What bodies expand least, and what most by heat? What is said of 
the equal expansion of air and the gases by heatf How is the expan- 
sion of a piece of hietal shown bj fig. 4 ? How are relative degrees of 
expansion which solids undergo ascertained ? Explain fig. 6. What 
relation is there between the expansion of metals and their fusibilities ? 
In what mechanical arts is the expansion of the metals by heat, turned 
to advantage ? In what manner were the walls of a bmlding in Paris 
drawn towards each other by means of heat f 
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theii^ ends were made to project fiirther beyond the walls, 
permitting the plates to be advanced, until they again touched 
the walls, which might be an inch, or more. The bars, then, 
on cooling, contracted, and drew the walls as much nearer 
each other as the bars expanded in heating. There were 
two sets of these bars, so that whUe one set was Contracting 
and drawing the wall to its place, the other set was heating, 
and preparing to retain what was thus gained. In this man. 
ner, a for^e was exerted, which the power of man could 
scarcely have applied by any other means, and by which the 
walls of an immense building were made to resume ttSbir per- 
pendicular position. 

The estpansion of a liquid by heat, may be strikingly shown 
by means of a glass ball, with a long small tube attached to it. 
When the ball, and a part of the neck are filled with a liqdid, 
and heat applied to the ball, the liquid expands, and continues 
to rise up the tube with considerable rapidity, until the water 
boils, when it will be thrown out with great force by the 
steam. 

The different expansibilities of different fluids by the same 

increase of heat may be shown by two such vessels as that 

just described. 

Fig. 6. On the tube of each, fix a mark at the same height, 

and fill one up to the mark with alcohol, and the 

other with water. Then plunge the bulbs of both 

into the same vessel of boiling hot water, thus mak* 

ing the heat applied to each exactly equal. Both 

u^=r=:u^the fluids will expand,. and rise up the tubes, but 

^^-H^ the alcohol will be found to rise about twice as 

high as the water. 
/•^-vy^k It has already been remarked, that the ratio of 
L ^\ J expansion in all aeriform fluids, is equal, with 
^ ^y equal increments of heat. 

^- — ^ If therefore, the ratio of expansion for one gas, 
as for instance, oxygen, be known, then the ratio for all the 
other gases, as well as that fipr the common air, which we 
breathe, will be indicated. 

From the experiments of several philosophers, it is proved, 

that this law of expansion is equal to the ^jij^th part of the 

" — ■ — — — -■ — ■ — - — * ■ -' — ■ — — — ■ ■ - -^— — — ^-^—i ^ 

In what manner is the expansion of a fluid most strikingly shown ? 
How are the different expansibilities of diflerent fluids shown ? Ex- 
plain fig. 6. How much more expansible is alcohol than water ? What 
is the ratio of expansion in aeriform bodies? 
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Fig. 7. 



voluihe of the fluid, for every degree of Fahrenheit's scale, 
between 32° and 212° ; that is, between the freezing and 
boiling points. This calculation is made from the experi. 
ments of Gay-Lussac, who found that 100 parts, or volumes 
of air, at 32°, expanded to 137.5 parts, when heated to 212°. 
The increase of bulk for 180 degrees, that is, from the freez- 
ing, to the boiling point, is therefore 37^°, which, by calcula« 
tion, will be found nearly ^l^th part for each degree. 

The expansion of air by heat may readily be shown by 
blowing up a bladder, and securing the. mouth by a string, so 
that none can escape, and then holding it towards the fire. 
As the air becomes rarefied by the heat, the bladder will be- 
> come more and more tense, until it will burst with an explo- 
sive report, 

A more elegant experiment is, to take a 
glass tube, terminated by a bulb, and put in 
so much water as to about half fill the tube, 
and then having immersed the tube in a 
vessel of water, as represented in fig. 7, 
apply the heat of a lamp to the bulb. As 
the heat rarefies the air in the bulb, the 
water will be forced down the tube, but will 
slowly rise again to its former place, by 
the pressure of the atmosphere, when the 
heat is removed, and the air in the ball 
allowed to contract. 

Radiation of Heat 
When we approach a heated body we become sensible that 
it emits caloric without touching it, and if a thermometer be 
carried near, this will indicate an increase of temperature. 
The caloric thus flowing from a heated body, is called radiant 
caloricy because it radiates, or is thrown off in all directions, 
like the rays of light from a radiant point. If the hand be he)d 
under the heated body, a sensation of warmth will still be 
perceived, which proves that this eflect is produced without 
the intervention of a stream of heated air, which is felt only 
above the hot body, and never below it. Neither is this 
effect produced by the gradual conduction of the caloric by 
the air, for the heat from a hot ball may be felt in the open 
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What IB the differonce in the bulk of 100 parts of air at the fi^fiiing 
and boiling points of water ? What simple experiments show the ex- 
pansion of air by heat ? Explain fig. 7. What is meant by radiant 
heat? How is it proved that radiant heat is not conducted by the air? 
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air> at a distance from it and in the direction contrary to that 
of the wind. It is found also, that caloric radiates equally 
well through all the gases and in a vacuum ; and hence we 
may infer that no medium at all is necessary for the passage 
of radiant caloric. 

«When radiant caloric falls upon a solid or liquid, its rays 
are either reflected from it, and thus receive a new direc 
tion, or they lose their radiant form entirely by absorption 
into the body. Thus a substance highly polished will throw 
the heat back, towards the radiant body, and remain cold^while 
another substance with a rough surface will become warm at 
the same distance, because it absorbs but does not reflect the 
heat. > Radiant heat, and light, follow exactly the same laws 
in their passage to and from polished surfaces, the angles of 
incidence and reflection being equal. 

Fig. 8. 

a Thus the ray a, c, Fig. 8, is the ray of inci. 

dence, and a c is the ray of reflection. The 
angles which a c make with the perpendicu- 
lar line e c, and the plane of the mirror, are 
exactly equal to those made by c, dy with the 
f^ same perpendicular, and plane surface. (See 
Optics in Nat. Philosophy.) Hence with a 
concave mirror, the rays of heat, like those of 
light may be concentrated, or collected to a 
focus, and by means of two such mirrors very 
interesting experiments may be made, illus- 
trating the laws of radiant heat, in several respects. 

Provide a pair of concave metallic mirrors, about ten or 
twelve inches in diameter and two in concavity. They may 
be made of common tinned iron, or of brass, which is better, 
but much more expensive. 

Fi3. 9 These mir- 

rors may be 
supported by 
stands made 
of wood on 
which they 
slide up and 
down, and 
ar^ fixed by 
thumbscrews 
as represent- 
ed in fig. 9. 





How is it shown that no medium at all is necessary \o convey radi- 
ant caloric ? 
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Place the mirrors at the same height, on a bench or table, 
exactly facing each other, and from ten to twenty feet apart, 
as ihey are less or more perfect, and place a screen of paper 
or other su()stance between them. Then in the focus of one 
mirror place a cannon ball, heated a little below redness, and 
in the other focus place a thermometer. When every thing 
is thus prepared, remove the screen and the thermometer 
will instantly begin to rise, and will finally indicate a degree 
of temperature depending on the size and perfection of the 
mirrors, their distance apart, and the heat of the ball. The 
focus of a twelve inch mirror of the ordinary shape, is about 
four and a half inches distant from the centre of concavity. 

By placing the mirrors near each other, and using a red 
hot ball, a much more striking experiment may be made, for 
on removing the screen, powder will flash in the focus 'as if by 
magic, since the eye cannot detect the >cause on which its 
inflamation depends. 

The dotted lines in the drawing. Fig. 9, shew the course 
of the rays of heat from the hot ball to the thermometer. 
The ball being placed in the focus of the mirror, the caloric 
radiates to all parts of its surface, and being reflected under 
the same angles at whieh it falls, the rays are thrown into par- 
allel lines, and thus become incident rays to the second mir* 
ror. By the same law of incidence and reflection, the sec- 
ond mirror conveys the rays 'to a focus at the same distance 
before it, that the hot ball is placed before the first mirror, 
because their focal distances are just equal. The heat of 
the ball is ' therefore concentrated on the bulb of the ther- 
mometer, which is placed in .the focus of this mirror. If a 
burning lamp be placed in the focus of the first mirror, and 
a piece of paper, or the hand in the focus of the second, 
there will be seen a bright luminous spot on the paper or 
hand, shewing that light follows the same laws of reflection 
that heat does. 

There is however a remarkable difference between the sub- 
stances of which mirrors are commonly made, with respect 
to their powers of reflecting heat and light. A concave glass 
mirror covered in the usual manner with, amalgam, when 
placed before a red hot cannon ball, will reflect the light, 



Does heat radiate throagh solid bodies ? Explain fig. 8, and show 
which is the ray of incidence and which that of reflection. Explain 
fig. 9 ; show the direction of the rays of heat from the heated ball to 
the mirrors, and from the mirror to the thermometer. How is it shown 
b/ the mirrors that h^at and light follow the same laws of reflection.^ 
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but not the heat, the mirror itself absorbing the radiant cal- 
oric, and soon growing warm. But a well polished metallic 
mirror reflects both the heat and light, and although held so 
near an ignited body, as were it combustible, to be inflamed, 
it still remains cold. For the same reason andirons, which 
are kept highly polished, will remain cold though near a 
winter's fire. The over nice housewife, also, who keeps her 
copper tea kettle under a mirror-like polish, will see the rea- 
son why she must expend two or three times the quantity of 
fuel in boiling it, that is ordinarily required for such a pur- 
pose. Any one who has undertaken to boil water in a silver 
cup, will be convinced of the power of a bright metallic sur- 
face to resist the penetration of caloric. 

The nature or colours of the surfaces of bodies have also 
an important influence over their power of radiating caloric. 

When other circumstances are equal, the rate at which 
bodies cool appears to be in an inverse ratio to the polish, 
or brightness of their surfaces. Thus the surfaces of bodies 
are found to radiate heat more rapidly when they are rough 
than when smooth, and most rapidly when their surfaces are 
both rough and dark coloured. 

^ Mr. Leslie covered one sida of a cubical tin vessel with 
lamp black, another side with writing paper, a third with 
glass, and led the fourth uncovered. 

^'8- ^^- Tbeiressel was then filled 

with Abater, and placed before 
a conbave mirror, in the focus 
of which was placed an air 
thermometer, as represented 
by fig. 10. On turning the 
black side towards the reflec- 
tor, the fluid in the thermom- 
eter indicated a rise of tem- 
perature equal to 100®.; the 
^^ papered side being turned 
towards the reflector, the thermometer sunk to 08^ ; the 
glass side indicated 90^ ; and the metallic side only 12®^ 
The radiating power of these surfaces therefore, are respect- 
« « III - ■ - 1 I ■ I ■ I » » 1 1 1 ■ I ■ 

What is the difference between a mirror of glass and one of metal, in 
their powers to reflect heat and light ? Why do polished andirons re- 
main cold when near the fire ? Why is it difficult to boil water in a 
bright metallic vessel f W hat effect does the nature, or colour of a sur- 
face have on its radiating power ? Describe fig. 10, and explain how 
the different surface! effect the thennoini»ter. 
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irely to each other as the nurnhers 100, 98, 90 and 12. 
Various practical uses may be made of this principle in the 
common concerns of life. 

A close stove intended to warm a room by radiating its 
beat to the objects surrounding it, should be dark coloured, 
with a rough surface ; while one intended to warm with hot 
air passing through it, should have a bright metallic surface. 
A dark, rough stove pipe passing through a room might ren* 
der it comfortably warm, while a polished tin pipe of the 
same length and dimensions, would hardly change its tem- 
perature perceptibly. For the same reason, a highly polish- 
ed metallic coffee pot will keep its contents hot, while the 
contents of one made of dark eartheri) ware would become 
nearly cold. 

Specyic Caloric, 

Equal weights of the same substance at the same temper, 
ature, contain equal quantities of caloric ; but equal weights 
of different substances at the same temperature, contain 
unequal quantities of caloric. The quantity peculiar to each. 
body, or substance, is called specific caloric. When one 
body of the same weight is found to contain more caloric 
' than another, that containing the most, is i^aid to possess the 
greatest capacity Jor caloric. 

When equal quantities of the same fluid at different tem- 
peratures are mingled together, the resulting temperature is 
a medium between these temperatures. Thus if a quart of 
water at 100°, be mixed with another quart of water at 40^, 
the temperature of the mixture will be 70^. The same 
result will occur when any other liquid is mixed in equal 
proportions, but at different temperatures, as oil, alcohol, or 
mercury. But when equal quantities of different fluids are 
mingled together, at different temperatures, the resulting 
temperature is not a medium, but is either above or below it. 

We should expect without experiment, that quicksilver 
would possess a greater capacity for caloric than the same 
bulk of water, and therefore that when equal quantities of 
these two fluids at different temperatures are mixed, the 

- - - ■ ■■I - III !-- II • ' ■■ — 

What practical uses may be made on the principles established by 
Mr. Leslie's experiment f Why does a bright coffee pot keep its con- 
tents warm longer than one that is tarnished ? What is meant by spe- 
cific caloric ? What is meant by capacity for caloric ? Suppose eqaal 
quantities of the same fluid at different temperatures are mixed, what 
will be the resultmg temperature? 
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resulting temperature would be above t^e arithmetical mean. 
3ut in this we are disappointed ; for if we mix a quart of 
water at 40° with a quart of quicksilver at 100°, the temper* 
ature of the mixture will not be 70°, as in the experiment 
with the water alone^ but only 60^. This proves that a 
quart of quicksilver, although it weighs about fourteen times 
as much as a quart of water, still contains less caloric, and 
therefore that water has a greater capacity for caloric than 
quicksilver. For, in the first experiment, a quart of water 
at 100° raised the temperature of another quart at 40° to 
70^ ; but here a quart of quicksilver at 100° raises the heat 
of the same bulk of water to only 60°. The quicksilver, 
then, looses 40°, which nevertheless raises the temperature 
•of the water only 20°. 

The relative capacities of water and quicksilver for heat, 
may be shown by mixing equal weights of the two fluids at 
different temperatures, and then ascertaining how much the 
resulting temperature differs from the arithmetical mean. 

Mix a pound of water at 100° with the same weight of mer- 
cury at 40°, and the heat of the mixture will be 98° ; that is, 
28° above the arithmetical mean, because when equal 
weights of water were mixed at these temperatures, the re- 
sulting temperature was only 70° ; but here it is 98. The 
water then, has lost only 2°, while the same weight of mer- 
cury has gained 58°, for the temperature of the mercury be- 
. fore the mixture was only 40°, while that of the water was 
100°. The capacity of water for heat, is therefore to the 
capacity of mercury for the same, in the proportion of 58 to 
2, or as 29 to 1. 

It appears from a great variety of experiments made by 
different philosophers on this curious subject, that whatever 
may be the cause of the different capacities of bodies for 
heat, the effect is greatly influenced by the state of density 
in which bodies exist, and that in general their capacities 
increase, in a ratio to the decrease of their specific gravities. 
In the above experiment the capacity of water is to mercury 
as 29 to 1, while their specific gravities aie as 1 to 14. 

Various methods have been employed by philosophers to 
ascertain the capacities of the several gases for heat. 

When fluids of different kinds are mixed under the same circum- 
ttanceH, will the resulting temperature be a medium ? Which fluid has 
the greatest capacity for caloric, water or quicksilver f How is this 
shown ? If a pound of percury at 40^ be mixed with a pound of water 
at 100^, what will be the resulting temperature f 
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To detormiaoand compare the relative capaeittes of these bo- 
dies in this respect, Gay Liissac contrived an appatatus by 
means of which, a hot current of one gas met a cold cur- 
rent of another gas, in the centre of a small reservoir, con- 
taining a thermometer. A thermometer was also placed iii 
the current of each gas before they met. Thus by knowing 
their temperatures before their mixture, and afterwards, it 
was easy to infer tlieir respective capacities for caloric. 

Bernard, in order to determine the specific caloric of elas- 
tic fluids, caused them to pass through a pipe, inclosed in a 
largor pipe, which was constantly filled with steam. lA this 
manner he wits enabled to know precisely the temperature 
of the gas under experiment, and also to raise the tempera- 
ture of each to the same degree. Having thus determined 
its temperature, the gas was then made to pass into a spiral 
tube immersed in cold water, and the specific carlorio of 
each gas was inferred by the quantity of heat it imparted to 
the water. By these and similar experiments it has been 
ascertained that the aeriform fluids differ greatly in the quan- 
tities of their specific caloric,— thus the capacity of hydro- 
gen for caloric is more than 12 times greater than the capa- 
city of an equal bulk of atmospheric air^ though the air 
weighs about 13 times as much as the hydrogen. It is also 
ascertained that out of nine gases on which experiments were 
made, none except hydrogen has a capacity for heat equal to 
that of ^ater, but they they all have greater capacities than 
any of the metals. Hydrogen, the lightest of all bodies, 
has the greatest capacity for heat, while the metals, the most 
ponderous of all bodies, have the least. 

The same substance by having its bulk enlarged, and 
consequently its density decreased, acquires an increased 
capacity for caloric. Thus water, when thrown on the bulb 
of a thermometer sinks the mercury because in assuming the 
form of vapour, its capacity for caloric is increased, and it 
conseqently absorbs and carries away the heat from the mer- 
cury. Some philosophers have accounted in part, for the 
intense cold in the upper regions of the atmosphere, on the 

What are the proportionato capacities of mercury and water for heat? 
In general, do the capacities of bodies for heat increase, or decrease 
wiUi their densities ? By what method did Gay Lussac determine the 
capacities of the gases for caloric? By what method did Bernard de- 
termine the capacities of the gases for caloric ? What gas h^s the 
greatest capacity for heat ? In general, wha^ class of bodies have the 
greatest, and what the least capacity for heat ? 
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supposition of the increased capailky of the air for heat as 
the pressure of the incurabealULtniosphere is remoyed. On 
the contrary, we know that hy increasing the density of air 
its capacity for caloric is diminished, and that under certain 
circumstances sufficient heat may be set free in this manner 
to produce ignition. 

Fig. 11. This effect may be produced by the little instru- 
ment represented by fig. 11. It consists of a metallic 
tube, ten, or twelve inches long, the bore of which is 
less than half an inch in diameter. To this is fitted 
a rod and piston, moving air tight, the lower end of 
the piston being excavated to receive a little tinder. 
When, the piston is suddenly forced down, nearly to 
the bottom of the tube, the condensation of the air it 
contains, evolves so much heat as to set fire to the 
tinder in the end of the piston, and in this way a fire 
may conveniently be kindled. 

Thermometer. 

The lAermometer is an instrument founded on the principle 
that the expanSi<Hi of matter is proportional to the augmenta. 
tion of temperature, and is designed to measure the ^varia- 
tions of heat and cold. 

The first attempt to measure such variations on this prin- 
ciple was made by Sanctorius, an Italian physician in the 
seventeenth century. He employed a glass tube blown into a 
ball at one extremity, and open at the other. Afler expelling 
a small part of the air by heating the ball, the open end was 
plunged into a vessel of colored fluid, ^and as the air in the 
ball cooled, the fluid ascended up the tube. Any variation 
of temperature by expanding, or contracting the air in 
the ball, would then cause the liquid in the tube to rise or fall. 
An arrangement of this kind is represented at fig. 7. 

If a body has its bulk enlarged is its capacity for heat increased, or 
diminished thereby ? How has the intense cold of the upper regiom 
been accounted on this principle ? How is it proved that air has lets 
capacity for heat when condensed than otherwise ? On what principle 
i« the thermometer constructed ? Who first constructed thermome- 
ters ? What fluid was first employed to indicate the variations of tem- 
perature ? 
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Fig. 13. A better constrnctioa for an air thermometer is 

- represented at fig. 13. It conoists of a thin glass 
bottle, containin^t a small quantity of a colored liquid, 
and stopped closely by a cork. Through the cork is 
passed a broken iheimometer tube, open at both ends. 
This tube descends nearly to the bottom of the bottle, 
and dips into the fluid. There is, therefore, a quanti- 
ty of air above the fluid which cannot escape, and 
when this espabds by the application of heat, the fluid 
rfh is forced up the tube. Thus the height of the fluid 
L J will indicate the expansion of the air aiid consequent* 
^^ ly the degree of heat (o which the instrument is expo- 
sed. 

' There are, however, two objections to the employment of 
air for this purpose. Its expansions and contractions are so 
great even by small changes of temperature, that a tube, sev- 
eral feet in length would be required to measure them ; and 
as air suffers condensation by pressure, the variation of the 
barometer would affect its height, at the same temperature. ' 

For these reasons, the air thermometer, for commcm pur- 
poses, is both iuconvenieot and inaccurate, and therefore has 
long since been laid aside. There is, however, a modifica- 
tion of this instrument, invented by Mr. Leslie, and called 
die differealial thermometer, which for certain purposes is a 
very elegant and useful instrument. 
Tig. 13, ^ drawing of this instrument is represented by 
fig. 13, and it is designed, aa its name imports, to 
shew the diffef-ence of temperature between two 
places at short distances from each other. It con- 
^ sists of a glass tube terminated at each end by a 
I bulb, and bent as shown in the figure. The tube 
is partly filled with some colored fluid, as sulphu- 
ric acid, tinged with carmine, or alcohol, colored by 
cochineal, the bulbs and other parts of the tube 
being filled with air. 

It wilt be obvious, from the construction of this 
instrument, that it cannot indicate the temperature 
of the atmosphere, since an equal expansion of 
the air in both bulbs would press equally on the 
fluid in both legs of the tube, and consequently 
' it would rise in neither. But if one bulb is ex- 
Describe the eoDitractioii of an air thermometer P What are the 
objectioDH to air thermometara .' How ii the difierantial Ibermomelar 
camtmeted, and for what purpoBes ii it nseful i 
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posisd to a higher temperature than the other, then the ex^ 
pansion of the air in this, will be greater than in the other, 
and consequently the fluid will rise towards the bulb where 
the air is least expanded. 

The use of this thermometer, then, consists in showing the 
difference of temperature to which the two bulbs are exposed, 
as in experiments on the radiation of heat, already described. 
The scale affixed to one of the legs, shews the rise in degrees, 
and is divided into 100 parts. The legs are six inches long, 
and the bulbs an inch or a little more in diameter. The 
stand may be of gla^ or wood. Some of these instruments 
are so delicate as to be affected by the approach of the hand. 
Air, being inapplicable to the construction of thermometers 
for the purpose of measuring the absolute temperature of 
places or things, for the reasons already noticed, solid bodies 
are equally so from a contrary defect ; their expansion by 
heat being so small as not to be appreciated without the 
adaptation of complicated machinery. A perfect substance 
for this purpose, would be a fluid, which would expand uni- 
formly with equal increments of heat, and which would nei- 
ther freeze nor boil at any temperature to which it might be 
exposed. Mercury approaches nearer to these conditions 
than any other substance, and therefore this is the fluid now 
almost universally employed. 

The blowing of the best thermometer tubes requires much 
experience and skill in the workmen, and is performed only 
by particular artists. This is the most difficult part of its 
construction. The mercury is introduced by heating the 
bulb, and thus rarefying the air within it, and then dipping 
the Qfpen end of the tube into a vessel of the fluid. As the air 
contracts within, the pressure of the external atmosphere 
forces the mercury to enter the tube to supply its place. 
When the bulb is nearly filled in this way, the mercury is 
boiled, to expel all the air. 

Haying filled about one third of the tube, the open end is 
sealed hermetically, that is, by melting the glass. This is 
done while the mercury in the bulb is heated neariy to its 
boiling point, so as to exclude all the air. ' 

Having sealed the end of the tube, the next step in the 

Why will not the differential thermometer indicate the temperature 
of the atmosphere ? W hy are not solid bodies proper for the construc- 
tion of thermometers? What would be a perfect subiitance for the 
constructian of thermometers ? What is the most perfect fluid in our 
poMe^sioh Tor this purpose f How are thermometer tubes filled ? 
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construction of the thennometer, is its graduation. This ii 

done by ascertaining two fixed and invariable points on th« 
tube, which are the same in every thermometer, and then by 
making a scale of equal diyisions between these two points. 
These are the freezilig and boiling points. 

The freezing point is obtained by immersing the bulb of 
the therraometer in melting snow or ice, for it has been as. 
certained (hat the temperature of water flowing from meking 
snow or ice is every where the same, whatever may be the 
heat of the atmosphere where the experiment is made. The 
boiling point is slightly afiected by the pressure of the atmos- 
phere, but the thermometer will be sufficiently accurate for 
all ordinary purposes, wh>n ibis point is ascertained by im- 
mersing the bulb in pure boiling water, open to the air, and 
on the level of the sea, during pleasant weather. (See Ba- 
romeier, in Nat. PkUosopky.) 
~ • The freezing and boiling points are marked with 
\ a diamond or file, on the tube ; and on the scale to 
be afterwards atfixed, the freezing point is marked 
32, and the boiling point, 212. The interval be- 
tween these two points is then accurately divided in- 
to 180 equal parts. This is the division of Fahren- 
heit's scale, the thermometer generally employed 
in this country, and is the only scale referred to in 
this work. 

The commencement of this scale is 32 degrees 
below the freezing point,' and is called tero, being 
marked with the cipher 0, to signify the total 
absence of heat. This degree of cold, it is sup- 
posed, Fahrenheit obtained by mixing snow and 
common salt, and it was probably the greatest de- 
gree of cold known in his time, though at the pre- 
sent day certain mixtures produce much greater, 
and at a future period, the progress of science may 
show the means of abstracting heat, so as to solidify 
even the air we breathe. The absoiute zero must 
therefore be considered an imaginary point. 

Besides the Zero and the freezing and boiling 

points, marked on Fahrenheit's scale, fig. 14, 

there are also noted the temperature of the btood, 

and the heat of summer, and aometimea other 

_ points, as fever heat, &c. 
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Cold is a negative condition, and depends on the absence, 
or privation of heat. Intense artificial cold may be produced 
by the rapid absorption of heat during the conversion of 
solids into liquids. Dr. Black long since discovered the 
principle, that when bodies pass from a denser to a rarer state, 
heat is absorbed and becomes latent in the body so trans- 
formed, and consequently cold is produced. And also thai 
when bodies pass from a rarer to a denser state, their latent 
heat is evolved, and becomes sensible. 

It is known to almost every one, that dissolving common 
salt in water, particularly if the salt is fine, will render the 
water so cold, even in summer, as to be painful to the hand. 
The salt, as it passes from the solid to the liquid state, ab- 
sorbs caloric from the water, and thus the heat that was be- 
fore sensible, becomes latent, and cold is produced. 

On the contrary, when a piece of lead, or iron is beaten 
smartly with a hammer, it becomes hot, because the metal, in 
consequence of the hammering, has its capacity for caloric 
reduced, and thus the heat which was before latent now be- 
comes sensible. For the same reason, when air is compress- 
ed forcibly in a tube, or, as it is sometimes called, in a^re- 
^mp^ as already explained, the heat, which was before latent 
becomes sensible, because the condensatipn lessens its capa- 
city for caloric. ' 

The principle on which all freezing mixtures act, is there- 
fore obviously, the change of state which one, or more of the 
articles employed undergo, during the process, and this 
change consists in an enlarged capacity for caloric. The 
degree of cold will then depend on the quantity of caloric 
wluch passes from a free to a latent state, and ,this again will 
depend on the quantity of substance liquefied, and the rapidity 
of the liquefaction. 

What numbers are marked on the scale at the freezing and boiling 
points? What is the number of degrees between these two points? 
What does zero signify P How far below the freezing point is the 
zero of Fahrenheit ? Is the point of the absolute zero known ? What 
is cold ? How may intense artificial cold be produced ?, When bodies 
pass from a denser to a rarer state, is heat or cold produced ? How is 
the temperature of water generally known to be affected by dissolving 
common salt in it ? How is this change of temperature accounted for ? 
Why does a piece of iron become hot by hammering ? How do yoo 
account for the heat evolved, where air is compressed ? What is the 
principle on which freezing mixtures act f On what circumstance will 
the degree of cold produced by freezing mixtures depend ? 
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The substances most commonly employed for this purpose 
are those originally used by Fahrenheit, to produce the zero 
of his thermometric scale ; viz. common salt and snow, or 
pounded ice. For this purpose the salt should be fine, and 
the ice, which must always be used in summer, is to be re- 
duced to ^mall particles in a cold mortar. 

Fig. 15. l^he vessel to contain the substance to be 

* I "Y frozen, may be made of tin, and of the shape 

represented by fig. 15. tt is simply a tall ves. 
sel, holding a few pints, with a close cover, and 
a rim round the top, for the convenience of 
handling it. For common purposes, this may 
be set into any convenient wooden vessel, (hav- 
ing first introduced the substance to be frozen,) 
and then surrounded by the freezing mixture. 
The only care to be taken in this part of the 
process is, to see that the freezing mixture in 
the outside vessel reaches as high as the con- 
tents of the internal one. With two or three pounds of fine 
common salt, and double this weight of pounded ice, three or 
four pints of iced cream may be made in this way, during the 
warmest days of summer. The process requires two or 
three hours, and while it is going on, the vessel should be set 
in a cellar, or covered with a fiannel cloth, as a bad conductor 
of the external heat. 

When the thermometer is at 32^^, the cold generated by 
the above process, sinks it down to zero, as above stated. By 
this method, two solids are changed to liquids, and both during 
the change, absorb caloric from the contents of the inner ves- 
sel. The salt melts the ice in consequence of the avidity with 
which it imbibes moisture, or by reason of its affinity to water, 
and the water in its turn dissolves the salt. 

Other substances having a stronger affinity (see affinity) 
for water than common salt, will produce the same effects 
still more powerfully. Thus muriate of lime (see this article) 
five parts, and ice four parts, will sink the thermometer from 
32° to 40° below zero, that is, in the whole, 72 degrees. At 
this temperature, mercury freezes. A still more effective 
mixture is four parts effused potash, and three parts of snow. 

W hat are the substances most commonly used as freezing mixtures ; 
Explain fig. 15, and show how it is to be used ? How far beloW 32 
degrees will a mixture of ice and common salt sink the thermometer ? 
Why does the tialtmelt the ice f What substance sinks the thermom- 
eter fi-om 32 to 40 degrees below zero ? 
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Thifl is said to sink the thennometer from 32^ to 50^ below 
zero, that is 82 degrees. In these experiments the thermom- 
eters are filled with alcohol, instead of mercury. 

Freezing mixtures are also made of a solid and a fluid. 
One of the most effectual of this kind is composed of diluted 
sulphuric acid and snow, or pounded ice. This sinks the 
mercury from 32®Ho 23° below zero. 

Though ice or snow is commonly employed for this pur- 
pose, still powerful frigioric effects may be produced without 
either, the absorption of caloric being caused by the rapid 
solution of a salt in a fluid. One of the most common and 
cheap among these is a mixture of sulphate of soda or Glau- 
ber's salt, and diluted sulphuric acid. This sinks the mer- 
cury from 50° to 3° above the freezing point, that is 47^. 

In describing experiments of this kind, it should always be 
noted from what point the thermometer begins to descend, 
otherwise no judgment of the power of the freezing mixture 
can be formed. If, for instance, a mixture would cause the 
depression of the thermometer from, and below any given 
point, then by repeating the process continnally, we should 
be able to find the absolute zero. Thus, by means of muriate 
of lime a^i^ow, the thermometer is made to sink 82°, that 
is, froi^SM^^yibove, to 50° below zero. Now if the same 
Cause would again produce the same effect, by its re-appli- 
cation, the thermometer would sink to 132° below zero, a 
degree of cold never yet produced by any means. Bui an 
unlimited degree of cold can never be produced by the art of 
man ; for it is found on experiment, that when the tempera- 
ture produced by the freezing mixture is greatly below that 
of the air, the caloric is so rapidly communicated, as to pre- 
vent any effect by repeating the process. Mr. Walker, who 
made a great number of experiments on this subject, was 
never able to produce a greater degree of cold than that of 
100° b^low the zero of Fahrenheit. 

Sources of Cahric. 
The sources of caloric may be reduced to six, viz. The 
■■ ' — ■■■■■■ " '■ 1 1 ■ I ■ .— ^— * " I 

In these ezperimentg, why is alcohol used to fill tho thermometer, 
instead of mercury? What is said of sulphuric acid and snow, as a 
freezing mixture ? What substances form a freezing mixture without 
the use of ice or snow. In making experiments with freezing mixturea» 
why is it necessary to state the degree from which the thermometer 
begins to fall ? What is the reason that an unlimited degree of cold 
cannot bo produced by art? What is the greatest degree of cold ever 
produced ^ What are the sources of caloric ? 
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SuD, Combustimi, Electricity, the i>odies of living warm 
blooded animals, Chemical action, and Mechanical action. 

The Sun constantly radiates caloric to th^ earth, and is 
the great fountain of heat to us and to the whole solar sys- 
tem. 

Combustion. This supplies the heat employed in the arts, 
and for culinary purposes. In this process the caloric is ex- 
tricated from the oxygen of the atmosphere, as it unites with 
the burning body and supports its combustion. The light is 
supposed to be furnished by the burning body. 

Electricity. Whenever two bodies in opposite electrical 
states are made to approach each other, so as to produce a 
discharge through the air, or along a nonconductor, there 
appears a flash of light attended by heat. By the action of 
Galvanism, which is a modification of electricity, the most 
intense heat hitherto known has been produced. 

The cause of electrical heat, according to Sir Humphrey 
Davy, is the union of the positive and negative electricities. 
These fluids, while separate produce no phenomena, but 
when they unite, they lose their electrical properties, and 
constitute heat. {See Electricity y Nat. Philosophy.) 

Vital action. The bodies of air breathing animals are a 
continual source of heat.^ The numerous theories whick 
have, been invented to account for the cause of animal heat 
cannot here be investigated. That it however depends on . 
the oxygen of the atmosphere which we breathe, seems to be 
proved by the fact, that animal warmth cannot for any 
length of time be sustained without it- 

Chemical action. Chemical action without combustion is 
capable of producing considerable degrees of heat. If 
water be thrown on unslacked quicklime in small quantities 
at a time, its heat will be gradually augmented to nearly 
800 deg., or so as to ignite wood. The heat in this experi- 
ment is accounted for, on the law already explained, that 
when bodies pass from a rarer to a denser state, caloric is 
evolved. The slacking lime absorbs the water and retains 
it as a part of its substance, and thus a fluid is coAVerted into 
a solid, with the evolution of much caloric. 

What ig the great foantain of heat ? How is heat extricated by 
eombufltion ? When does electricity produce heatf What is the 
cause of electrical heat, according to Sir H. Dary ? What is said of 
vital action, as a cause of heat f What is said of Chemical action as 
the cause of heat ? How is the heat produced by throwing water on 
quicklime, aocounteil for f 
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If three parts of strong sulphuric acid and one of water be 
suddenly mixed together, a degree of heat considerably 
above that of boiling water will be produced. In this case' 
the heat is also accounted for on the principle bf condensa- 
tibn, for if the two fluids be measured before and after mix- 
ture, it will be found that their union has occasioned a loss 
of bulk, and probably also a loss of capacity for caloric. 

The inflammation of Spirit of Turpentine by sulphuric 
acid is a case of intense chemical action, in which 800 de* 
grees of heat are evolved. About an ounce of the turpentine 
with the same weight of sulphuric, mixed with a little nitric 
acid, are the proportions. The acids should be poured on 
the turpentine from a vessel tied to a rod several feet long, 
as the explosion sometimes throws the burning matter to a 
Considerable distance. 

Mechaiiical action. This includes perctwwon,/ric<ion, ami 
condensation. 

Caloric is evolved by the percussion of hard bodies against 
each other. This is owing to the condensation of the body 
struck, in consequence of which its latent heat becomes 
sensible. 

If a piece of sofl iron be struck smartly several times with 
a hammer, on an anvil, it becomes hot, and even red hot, if 
the experiment be well conducted. 

When a piece of steel and a flint are struck together, the 
condensation produces so much heat as to set fire to the 
jimall particles of steel which at the same time^re struck off 
by the blow. 

Friction. Caloric is evolved, or produced by friction. 
The friction of machinery when the motion is rapid frequent- 
- ly causes so much heat as to set the wood on fire. The in- 
habitants of variou9 nations obtain fire by rubbing pieces 
of dry wood together. The friction of carriage wheels 
sometimes sets them on fire. 

The principle on which caloric is produced by friction has 
not been demonstrated. It cannot be referred to condensa- 
tion, since the rubbing of two sofl bodies together, such as. 

When sulphuric acid and water are mixed, what is the cause of the 
heat produced ? How may spirits of turpentine be inflamed by chem- 
ical action ? What does mechanical action as a source of heat include ? 
How is the evolution of heat by percussion accounted for? When a 
piece of steel is struck by a flint how is the fire produced ? How is the 
heat produced by friction accounted for? How does condensation 
produce heat ? 
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the hand against the coat sleeve, or the two hands against 
each other, causes heat. 

Count Rumford, who made a laborious and varied course 
of experiments on this subject, was led to the conclusion that 
the heat produced by friction could not be connected with 
the decomposition of oxygen gas, or with the increase of 
density, nor could it be caused by any change in the specific 
caloric of bodies. Others have also made experiments with 
a view to determine this question, but as yet no one has pre- 
tended to give any satisfactory explanation of its cause. 

CandensaUon of an elastic fluid by sudden pressure causes 
heat, as has already been explained, and illustrated by fig. 
11. The heat evolved in this case arises simply from the 
diminished capacity of the air for caloric, in consequence of 
its increased density. 

Light, 

The next imponderable agent which falls under our notice, 
is Ugkt, The investigation of the properties of light, — its 
laws of reflection and refraction, and its effects on the sense 
of vision, are subjects belonging to the science of Optics. 
{See Optics in Nat, Philosophy.) Some of the effects of 
light are however properly considered here, since they pro- 
duce chemical phenomena. 

Light may be decomposed by means of a prism, into seven 
primary colours. The succession of these colours beginning 
with the uppermosjt, is violet, indigOy blue, green, yellow, or* 
ange, red. 

The decomposition of light only requires that a ray should 
be admitted through a small aperture into a room, and made 
to pass through a triangular prism, as represented by fig. 
16. 

^'S-^^' The direction of 

the ray towards the 
point c will be changed 
by refraction, and at 
the samd time it will 
be decomposed into 
the colours already 

To what science does the investigation of the properties of light, 
with its effects on the sense of vision, belong ? Why do some of the 
effects of light properly belong to the investigations of chemistry ? 
Into how many primary colours may light be divided ? What is the 
succession of tliese colours, beginning with the uppermost? How maj 
(he decomposition oClight be effected ? 
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nained, the violet corresponding with 1, knd the red with 7. 
It may be observed by the figure, that the red is refracted 
hast, and the violet masty from the direction of the original 
ray, these two colours terminating the under and the upper 
parts of the spectrum. 

These seven, are called the primary colours, since they 
cannot by any known means be again decomposed, or sepa- 
rated into other colours. The whole seven are called the 
tolar spectrum. 

The heating powers'of these several colours are different. 
Take a sensible air thermometer (fig. 13) and move the bulb 
in succession through all the colored rays, waiting at each 
for the fluid to rise, or fall. The thermometer will be found 
to indicate the greatest heat in the red ray ; next in the 
green, and so on in a diminishing ratio to the violet. 

When the thermometer is moved a little beyond the red 
ray, but in a line with the spectrum, the heat is still greater 
than in the ray itself. These heating rays are invisible to 
the, eye, and hence it is concluded that there exists in the 
solar beam, a distinct kind of ray which causes heat, but no 
light. . . ' 

The illuminating power of each primary ray in the solar 
spectrum, is different from the other. This is proved by 
permitting the spectrum to fall on a large printed sheet, of 
the same sized type, when it will be found, that at the same 
distance, the parts illuminated by some of the rays can be 
read, while those illuminated by others are indistinct. 

Light is capable of being absorbed by certain substances ; 
of remaining in them for a time, and then of being extricated 
unaltered. Such bodies are called solar pJiosphoru 

Phosphorescence. 

Phosphorescence may be defined, the emission of light 
without sensible heat, or without combustion. 

A considerable number of substances have the power of 
absorbing a quantity of light when exposed to the rays of the 
sun, and of emitting it again, so as to become luminous in 

Which ray is most, and which is least refracted from the direction of 
the original ray ? What are these seven colours calJed f What are the 
whole called ? What is said of the heating powers of the different 
rays ? Is the greatest heating power in the red ray, or beyond it ? 
Are the heating rays visible, or invisible f How is it proved that the 
ilhimlnating powers of the different rays, differ f What is phospho* 
rescence ? w hat are solar phosphor! ? What 18 said of the power 
of bodies to absorb and emit light? 

5 
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the dark. Most siibstances lose this property in a short timei 
but acquire it again by another exposure to the sun, and this 
may be repeated any number of times^. Several substances 
by this treatment become so luminous as to render minute 
objects visible in the dark. Canton's phosphorus is of this 
kind, and may be prepared as follows : Calcine common oys- 
ter shells in the fire for an hour ; then select the purest and 
whitest parts, and reduce them to fine powder. Mix three 
parts of this powder with one of sulphur, and having pressed 
the mixture into a crucible, keep it red hot for one hour. 
Then let the crucible cool, and select the brightest and purest 
parts, which corlTup in a dry vial for use. 

When this composition has been exposed for a few minutes 
to the light of the sun, and then carried ipto the dark, it will 
be sufficiently luminous to show the hour by a watch dial. 

The same property is possessed by compositions called 
Homberg's and Baldwin's phosphorus. The diamond, also^ 
possesses this property, as shown by the celebrated experi- 
ment of Dufay, who, having exposed a diamond to the light,^ 
immediately covered it with wax, and on removing the wax 
several months afterwards, found that it shone in the dark. 

Some substances phosphoresce by friction ; some by 
scratching, and others by heat. 

That variety of carbonate of lime called dolomite^ gives 
light on being rubbed. Loaf sugar mixed with whites of eggs 
and dried, as is done for the frosting of cake, emits a streak 
of light on being scratched with a sharp point. Several va- 
rieties of fluate of lime, and of marble, emit light when 
coarsely powdered and thrown on a hot plate of iron, so as 
to be seen in the dark^ 

A piece of tobacco pipe, or a piece of quicklime, when 
heated by the compound blowpipe, or by other means, 
to a degree which woijild only make other bodies red, give 
out a brilliant phosphorescent light, which is so intense as to 
becorhe intolerable to the eyes. ' 

Another kind of phosphorescence may be observed during 
the decomposition of certain animal substances. Thus if a 
small piece of fresh herring, or mackerel, be put into a two 

"What is Canton's phosphoius ? How is Canton's phosphorus pre- 
pared f What is necessary in order to make this substance shine in 
the dark ? How did Dufay confine the light in a diamond ? What is 
said of the phosphorescence of other substances ? What is said of the 
phosphorescence of a piece of tobacco pipe, or quicklime f How may 
A piece of fish be made to exhibit phosphorescence ? 



PHOSPROBESCEircE. ' ^ 47 

» i" 

ounce yial of sea water, or into pure water, with a little com- 
mon salt, add the vial bo kept in a warm place for two or 
three days, there will then appear a luminous ring on ^he sur- 
face of the water, and if the vial be shaken, the whole will 
give a phosphorescent light. 

Light produces very material effects on the growth of all 
vegetables, from the most humble plant, to the tallest tree of 
the forest. - Plants, vegetating in the dark, are white, feeble, 
almost tasteless, and contain but little combustible, or carbohaw 
ceous matter. On exposing such plants to the light of the 
sun, their colours become green, their taStes become much 
more intense, and the quantity of their combustible matter 
becomes greatly increased. These changes arc strikingly 
obvious, and beyond all doubt, depend on the agency of light. 

Light not only effects the natural, but in many instances, 
the artificial colours of things. In this respect, however, its 
effects appear not to be reducible to any general law, for in 
some instances it destroys, and in others it augments, or even 
creates the colours of bodies. 

On exposing bees wax to the sun and moisture, its color is 
discharged and it becomes white ; it is also well known that 
the colors of printed goods, and of carpets, are changed, or 
faded by the same influence ; and that the former mode of 
bleaching, consisted in exposing the cloth to the united in- 
fluence of light, air, and moisture. 

On the contrary the colors of plants appear to be exclusive- 
ly owing to their exposure to light, and various chemical pre- 
parations, such as phosphorus and the nitrate and tnuriate of 
silver, become dark colored, and even black by the influence 
of light. 

Light has also an important and curious influence on the 
crystallization of salts. Make a strong solution of the sul- 
phate of iron, in water, and place it in a shallow dish. Cover 
one half of the dish with a black cloth, and set it in a darkened 
room, permitting only a single ray of light to enter, so as to 
strike upon the solution in the uncovered part of the dish. 
Thus one half of the solution will be exposed to the light, 
while the other half will be in darkness. After the dish has 
stood in this situation for a day or two, it will be found that no 

How are plants affected by growing in the dark ? What changes are 
effected by the light of the sun on plants which have grown in th« 
dark? How are the artificial colora of things affected by light? 
To what do the colors of plants appear to be edtirely owing ? What 
Aubstances become dark colored by the influence of light ? 
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signs of crystallization are to be seen in that part of the solu« 
tion which had been kept in the dark, while that part which 
has been exposed to the light will be completely crystallized. 

Another curious fact connected with this subject, is, that 
that plants emit oxygen gas, through the influence of the sun's 
light. To make this obvious, fill a tall glass vessel, such as a 
bell glass with water and invert it in another vessel of water. 
Then introduce into the bell glass some sprigs of mint or any 
other plant of vigorous growth, and expose the whole to the 
action of the sun. Small bubbles of air will soon appear, 
as though issuing from the leaves of the plant. These will 
one after another, detach themselves and arise to the upper 
part of the vessel, and on examination, the air thus extricated 
will be found to consist of very pure oxygen gas. [See ox- 
pgen.] 

In this experiment, the water serves only as the means of 
collecting the oxygen ;, the water itself not being decompo- 
sed by the plant, but only the air which it contains. The air 
which we breathe contains a quantity of carbonic acid, which 
is decomposed by the organs of the plant, the carbon being 
retained, while the oxygen is emitted. [See Vegetati(m.'\ 

Electricity. 

The third imponderable agent is Electricity, including 
Galvanism. 

The ancients knew nothing qf electricity as a .science. 
They knew indeed that amber and gl^s, when rubbed, would 
attract light substances, and about the beginning of the 
eighteenth centuiyv it was discovered that a certain stone call- 
ed tournudinCy would attract feathers and hair when heated, 
and that some precious stones would do the same when rub- 
bed. As an important science, electricity can claim no 
higher date than the age of Franklin. 

Galvanism is of much more recent origin than electricity. 
This science owes its name and origin to an accidental dis- 
covery made by Galvani, an Italian, in 1791. Galvani was 
professor of anatomy at Bologna, and his great discovery 
seems to have been owing indirectly, to the sickly condition 
of his wife. This lady being consumptive, was advised to 

H I »...,.. . ■ . . . I . I .1111 «i — .1 I il.i .III » 

How is it shown that light ha49 an influence on the crystalization of 
salts ? How is it demonstrated that plants emit oxygen gas through the 
influence of the sun^s light? Describe the chemical changes by which 
plants extricate oxygen gas. Was electricity known to the ancients 
as a science ? What is 3ie date of electricity, as a science ? To what 
circumstance does galvanism owe its origin f 
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take,80ttp, made of the flesh of frogs, as the most delicate nu- 
triment. One of these animals, ready skinned happened to 
lie on a table in the professor's laboratory, near which stood an 
electrical machine, with which a pupil was making experi- 
ments. While tthe machine was in action, the pupil chanced 
to touch one of the legs of the frog with a knife which he 
held in his hand, when suddenly the dead animal was thrown 
into violent convulsions. This singular circumstance excited 
the attention of the sick lady, who was present, and it was 
communicated to her husband who was out of the room at 
the time. Galvani immediately repeated the experiment, and 
soon found that the convulsions took place only when a spark 
was drawn from the electrical machine, the kuife at the same 
time touching the nerve of the frog. He also ascertained 
from further investigations, that the same contractions were 
excited without the agency of an electrical machine, provi- 
ded he employed two metals such as zinc, and silver, one of 
which was made to touch the nerve, while the other touched 
the muscle of the frog. [See CMvanism.] It is from such a 
beginning that the now important science of Galvanism had 
its origin. 

Electricity, as an agent, is considered as an exceedingly 
subtle fluid, so light as not to afiect the most delicate bal- 
ances, — moving with unmeasurable velocity, and pervading 
all substances. It is therefore its efiects on other bodies, 
only, or its phenomena, which it is in our power to examine. 

The simple facts on which the whole science of electricity 
is founded, may be stated in a few words. 

If a piece of glass, amber, or sealing wax, be rubbed with 
the dry hand, or with flannel , silk, or fur, and then held near 
small light bodies, such as straws, hairs, or threads, these 
bodies will fly towards the glass, amber, or wax, thus rubbed, 
and for a moment will adhere to them. The substances hav- 
ing this power of attraction, are called eJsctrics^ and the agen- 
cy by which this power is exerted is called electricity* Some 
bodies, such as certain crystals, exert the same power when 
heated, and others become electric by pressure. 



What is said of electricity as an agent ? Is it in our power to 
examine electricity as a substance ? Plow are we enabled to examine 
the properties of this agent ? Describe the simple phenomena of elec 
tricity. What are electrics f What is electricity f By what procMi 
besides friction, do some bodies become electric f 
5* 
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Fig. 17. Although these are the simple facts on which the 
science is based, yet electricity exhibits a vast nuin* 
ber of curious and interesting phenomena, depend* 
ing on the variety and kind of machinery, and the 
quantity of the electrical influence employed. 
When a piece of glass, or other electric, has 

/been rubbed, so as to attract other bodies, it is 
said to be excited, and it is found that only par. 
ticular substances are capable of this excitement. 
The most common of these are, amber, glass, rosin, 
sulphur, wax, and the fur of animals. When an exci- 
ted electric is presented towards a small ball, made of pith, 
or cork, and suspended by a string, fig. 17, the ball is attracted 
to the electric, and adheres to it for a moment. And if two 
cuch balls be suspended so as to touch each other, and the 
Fis 18. excited electric be made to touch one of theipa, 

A the other will instantly recede from the one so 
touched, that is, they will mutually repel each 
other, and remain for a short time in the posi- 
tion shown by fig. 18. If while they are in 
this position one of them be toucj^ed with the 
finger, or a piece of metal, they will again 
instantly attract each other and come togeth* 
er, and if suspended apart, will forcibly approach each other, 
as represented by fig. 19. 

lis. 19. ^^ ^^^ explanation of these phenomena, we sup- 
ipose that all bodies are pervaded with the electric 
fluid, but that when in equilibrium, like air and water, 
it produces no obvious effects, and that it is only 
when this equilibrium is disturbed, or when some 
bodies contain more of the fluid than others, that 
electrical effects can be produced. 

When an electric is rubbed with the hand, or other 
substance, it receives a portion of the electric fluid from that 
substance, CQfisequent!^ the electric then, has a greater por- 
tion of electricity than is natural, while the hand, or other 
substance, has less. When two bodies are in different elec- 

WUen is an electric said to be excited ? Whabare the most common 
electrics ? What effect does an excited electric produce on a suspend- 
ed pitii ball? What is the effect on two pith balls in contact? When 
the balls ajre thrown apart by repulsioit, what effect is produced by 
toaching one of them with the finger ? Explain these phenomena. 
ATB all bodies suppoaed to be pervaded by the electrical fluid ? Sup-> 
pose an electric is rubbed by the hand, does it in consequence contain 
more or less electricity than before ? Whence doea the electric obtun 
this additional quantity of electricity ? 
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trical statesf, that is, when one has more, or less than the na" 
tural quantity, they attract each other. This is illustrated 
by fig. 17, where the hall is represented as moving towards 
the excited electric. 

But when two bodies have each more or less than the natu- 
ral quantity, they repel each other. This is illustrated by 
fig. 18, where the repulsion is caused by the communication 
of an uncommon share of the fluid from the excited electric 
to one ball, and from this ball to the other, and thus the two 
balls have more than their ordinary quantity of electricity^ 
and are in the same electrical state. 

On touching one of the balls with the finger, they again 
attract each other, because the finger deprives this ball of a 
part of its electricity, while the other ball is not affected, and 
thus the two balls are thrown into different electrical states* 
This is illustrated by fig. 19. 

To account for electrical phenomena, Dr. Franklin sup- 
posed, as above stated, that all terrestrial things had a natural 
quantity of that subtle fluid, but that its efifects became appa- 
rent, only when a substance contained more or less, than the 
natural quantity, which condition is efiectod by the friction 
of an electric. Thus, when a piece of glass is rubbed by the 
hand, the equilibrium is lost, the electrical fiuid passing fronv 
the hand to the glass, so that now the hand contains less, and 
the glass more, than their ordinary quantities. These two 
states he called positive and negative, implying the presence 
and absence of the electrical fluid. If now a conductor of 
electricity, such as a piece of metal, be made to touch the 
positive body, or is brought near it, the accumulated fluid 
will leave this body, and pass to the conductor, which will 
then contain more than its natural quantity of the fluid. But 
if the conductor be made to touch a negative body,, then the 
conductor will impart a share of its own natural quantity of 
the fluid to that body, and consequently will contain less than 
ordinary. Also, when one body, positively, and the other 
negatively electrified, ai*e connected by a conducting sub. 
stance, then the fluid rushes from the negative to the positive 

side, and the equilibrium is restored. 

■ ■ ■ - - —.^—^ 

When do bodies attract each other through the influence of electri- 
city ? When do bodies repel each other through this influence? Whea 
the balls are thrown apart by repulsion, why do they attract each other 
on touching one of them with the finger ? How are these phenomena 
accounted for on Dr. Franklin's theory f What are the positive and 
negative electrical states ? 



This theory^ originally invented by Dr. Franklin, wiU«ae« 
count satisfactorily for nearly every electrical phenomenon* 
There is, however, another theory, that of Dufay, which is . 
still embraced by some writers. 

This theory supposes that there are two kinds of electrici. 
ty which are termed the intreous and resinous, corresponding 
with the positive and negative of Franklin. This theory is 
founded on the fact, that when two pith balls, or other light 
bodies, near together, are touched by an excited piece of 
glass, or sealing wax, they repel each other. But if one of 
the balls be touched by the glass, and the other by the wax, 
they will attract each other. Hence Dufay concludes, that 
electricity consists of two distinct fluids, which exist together 
in all bodies ; that these two fluids attract each other, but 
that they aj^e separated by the excitation of an electric, and 
that when thus separated, and transferred to non-electrics, as 
to the pith balls, the mutual attraction of the two electricities, 
causes the balla to rush towards each other. 

The electricity corresponding with the positive of Franklin, 
is called vitreous, because it is obtained from glass ; while 
the other is called resinous, because it is obtained from wax 
and resin. 

In respect to the merit of these two theories, we can only 
say here, that Franklin's is by far the most simple, and ac- 
counts equally well for nearly every electrical phenomenon. 

Somc! bodies permit the electrical fluid to pass through them 
without difficulty. These are called conductors. They are 
the metals, water, and other fluids, except the oils, steam, ice 
and snow. The best conductors are gold, silver, platina, 
brass and iron. The conductors are non-electrics, that is, 
they show no signs of excitement when drubbed. The elec- 
trics are non-conductors, that is, they will not conduct the 
electric fluid from a negative to a positive substance, and 
when excited, this fluid accumulates on their surfaces, be- 
cause they have not the power of conducting it away. A body 

Does Dr. Franklin's theory account for most of the phenomena ob- 
served ? What do the positive and negative states imply? How does 
Dufay's theory differ from Franklin*s ? How do the vitreous and re- 
sinous electricities of Dufay correspond with the positive and negative 
of Franklin ? Why is one kind of electricity called vitreous and the 
other resinous ? Which theory is said to be the most simple, and 
therefore to be preferred ? W hat bodies permit electricity to pass 
through them without difficulty, and what are they called ^ . What are 
the best conductors ? What is the difference between conductors and 
non-conductors ? 
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is said to be instdaied, when it is supported by a non-conducl- 
A man standing on a stool supported by glass legs, or 



or. 



Standing on a cake of wax, is insulated. When one body or 
system of bodies, is in the positive state, the other part, or 
system, being contiguous, is invariably in the negative state. 
If one end of a stick of sealing-wax, or glass rod be positive,, 
the other end will be negative, and if one side of a plate of 
glass be positive, the other side will be negative. [See EleC' 
iricity in Nat. Philosophy.^ 

Chemicdl Effects of Electricity, 
The chemical effects of electricity are most conspicuous 
in that form of this agency known under the name of GaZva- 
nistn, but there are many instances in which common elec^ 
tricity produces important chemical changes. 

When powerful electrical discharges are passed through a 

glass lube containing pure water, by means of a gold or pla- 

tina conductor, the water is decomposed, and resolved into its 

two elements, hydrogen and oxygen (see these articles,) 

Fig. 20. which immediately assume the gaseous form. 

If afterwards the gaseous mixture thus obtain- 

^ ed, be submitted to electrical shocks, the re- 

union of these elements will again be effected, 

the hydrogen will be inflamed, while its com* 

*b.ustion is supported by the oxygen ; the 

a- gaseous mixture will entirely disappear, and 

water will be formed. 

The method of performing this experiment 
is shown by fig. 20, where a represents a thick 
glass tube containing the two gases, and ft, c, the two elec* 
trical conductors, the points of which approach so near, as 
to permit the fluid to pass through the gases, from one point 
to the other. 

To explain the phenomena of the decomposition of the wa- 
ter by electrical agency, we have to suppose that the two 
gases are naturally in opposite states of electricity, but that 



Why does electricity accumulate, when a non-conductor is excited ? 
When is a body said to be insulated ? When one side of a body is pos- 
itive, in what electrical state will the other side be f What are the ef- 
fects of powerful electrical shocks on water ? W hat are the effects of 
the same on a mixture of hydrogen and oxygen ? Explain fig. 20, and 
show how the latter experiment is performed ? What is it necessary to 
suppose, in order to explain the decomposition of water by electrical 
agency? 
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i^en unitcfd to form water, the electricity is io a dtate of equi< 
librium. When therefore water is submitted to the power of 
this agent, this equilibrium is destroyed, the negative gas or 
oxygen passing to the positive conductor, while the hydrogen 
being in a positive state, passes to the negative conductor. 
Thus the fluid is decomposed, and assumes the gaseous form 
of its constituents. 

The union of the two gases and the consequent recompo* 
sition of water, is simpl}* in consequence of the heat evolved 
by the electrical shock, as it passes through them. A degree 
of heat by any other means, sufficient to inflame the hydro- 
gen, would produce the same effect. 

Precisely the same effects are produced by galvanism, both 
in respect to the decomposition of water, and the re-union of 
its elements. When sulphate of copper is submitted to the 
action of a powerful electrical machine, the salt is decompos- 
ed, and the metal is revived around the negative wire. Other 
metallic salts undergo the same decomposition. 

These effects obviously arise from the different electrical 
states of the elements, of which the salts are composed, the 
positive element being attracted to the negative conductor, 
and the contrary. It will be seen directly, that the identity 
of galvanism and electricit5r is proved by exactly similar 
xestilts. 

Galvanism. ' ^ 

It has already been stated, that the science of galvanism 
had its origin from an accidental discovery made by a pupil 
of Galvani, an Italian professor. 

This subject was subsequently prosecuted by Galvani, 
with the most untiring ardor and with great success ; and as 
his discoveries were made known, from time to time, to the 
scientific world, philosophers in all parts of Europe vied with 
each other in repeating his experiments, in varying them in 
all possible ways, and in making new experiments to account 
for the cause of the novel and surprising phenomena they 
observed. An account of these researches belong to the 
history of Galvanism, and cannot be included in this concise 
epitome of the science. 

How does electricity act to recompose water from its two elements ? 
What is said in respect to galvanism, as producing the same results as 
electricity ? W hen sulphate of copper is submitted to the action of 
electricity, what phenomena ensue <* How is this effect on the salts 
accounted for ? What is said of the interest excited amonc^ philoso- 
phers by the discovery of galvanism ? 



.^ 
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It must suffice here, to state that the discoveries of Prof A*- 
8or Volta, of Pavia, have contributed more towards the pro- 
gress and developement of the true principles of this science, % 
than the united researches of all his cq-laborers. The dis- 
covery and invention of the Galvanic^ or VoUaic pile, the en- 
tire merit of which belongs to the professor of Pavia, re- 
moved all doubt respecting the identity of electricity and gal- 
vanism, and is said to have been the result of deep medita- 
tion and reasoning. Yolta's discovery was published in 1800, 
and since that time several modifications, and many improve- 
ments in the mode of extricating the galvauic influence ^ave 
been made ; they all however, appear to be founded on his 
original invention. 

To make this subject plain, it is necessary to state, that 
Galvani found that when the different parts of a recent ani- 
mal, as the nerves and muscles were made to touch each 
other, and then the opposite ends of this series made to com- 
municate by means of two different metals, signs of electri- 
city were always apparent. Hence Galvani concluded that 
the different parts of animals were in opposite states of elec- 
tricity, and that the metals only served to restore the equilib- 
rium. On the contrary, Volta maintained that the electrical 
excitement was owing to the contact of the two metals, and 
that the animal substances only served to conduct the fhud 
from the positive to the negative metal. And to show that 
this was the true theory of the phenomena, ne proved by di- 
rect experiment that when a piece of zinc, and a piece of 
silver, are placed in contact, and moistened, they are both 
excited, the zinc positively and the silver negatively. Thus 
when a piece of silver, as a dollar, is placed on the tongue, 
and a piece of zinc under the tongue, and then their two 
edges made to touch each other, electricity will pass from 
the zinc to the siltcr, of whtbh the person will be sensible, not 
only by a peculiar metallic taste, but by the perception of a 
slight flash of light, particularly if the eyes be closed. 

The quantity of electricity evolved by two pieces of metal, 
being exceedingly small, Volta tried the experiment of adding 

What philosopher next to Galvani, has made the most successful 
researches on the nature of galvanism ? Who discovered the galvanic 
pile ? What is said concerning the identity of electricity and galvan- 
ism ? From what experiment did Galvani conclude that the different 
parts of animals are in different electrical states ? By what simple 
experiment b it shown that when moistened zinc and copper touch each 
other^ electricity pastes from one to the other f 
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imay pieces, arranging them in pairs, with a conductor be- 
tweea them, and found that the galvanic influence was in- 
creased in proportion to the number of plates thus combined. 

Suck attempts led him finally to construct the Voltaic pile, 
already mentioned. This pile consists of a multiplied num- 
ber of galvanic series, terminating at one extremity by a po- 
sitive, and at the other by a negative conductor. 

The condiliona necessary for galvanic excitation are entire- 
ly different from those under which common electricity is ob- 
tained. We have seen that electricity is accumulated when 
an electric or non-conductor is rubbed with the dry hand, or 
with another non-conductor, as a piece of silk or fur. In 
galvanic excitation such substances as are called electrics are 
never concerned. 

The substances are all conductors of the electric fluid ; 
one of them a simple conductor, the other two having each 
the additional power of different degrees of electrical, or gal- 
vanic excitement. 

These three substances are usually zinc, water, and cop- 
per, and these, arranged in the order named, compose a tim- 
pie galvanic circle. 

The water which is mised with a small quantity of acid, 
not only serves as a conductor of the galvanic fluid, from the 
positive to the negative metal, but also by acting slightly on 
the metals is the efficient cause of the galvanic excitation. 

Fif. 21. Thisarrangemeot, together with the course of 
[ the electrical agent from one metal to the other, 

(and through the water to the first metal again, 
will be understood by fig. 31. 
Suppose c to be a plate of copper and z, a plate 
of zinc, touching each other at the top, and placed 
in a vessel of acidulated watfer. Then the action 
of the acid will produce an evolution of electrici- 
ty from both metals, that from the zinc being positive, and 
Uiat from the copper negative. The electrical fluid will 
therefore pass from the zinc through the water (o the copper, 
&nd from the copper by contact to the zinc, and so in a per- 
petual circuit in the direction of the arrows. 

Whtt u the prnciple on which the Voltaic pile is coDBtructed f 
What U the difRirance between the substances u>cd to collect electri- 
city, and galvBDlsm .' Wh&t three BuLstancea ubu ally compose B siia- 
pie valvKuio circle' What is the use of the wa.ter and B.cid employed 
in Uie extricatjon ofgalvinianif Explain £g. 34, and ihow the coum 
of the gatvuiic fluid. 
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It 18 a multiplication of this principle, that is, by form- 
ing a series of simple galvanic circles, which forms the gal- 
vanic pile, or pile of Volta, already mentioned. 

This compound gtdvanic circle is constituted by a series of 
simple circles, so united, as to concentrate the influence of 
the whole at a given point. It may be constructod as follows. 
Provide three glass rods, say of two feet in length each, 
and fix these in an angular direction from each other in a base 
t>f wood. Provide also circular plates of copper, and zinc, 
two or three inches in diameter, about the eighth or tenth of 
an inch thick, and in number proportionate to the power of 
the intended pile. Next cut out the same number of cir. 
cular pieces of card paper, or of woollen cloth, that there are 
pieces of either metal, but less in size. Having thus obtain- 
ed the elements of the pile, its construction consists in placing 
first on the base, or b^sard within the rods, a plate of copper, 
then on this a plate of zinc, and next, on the zinc, a piece of 
the paper, or cloth, dipped in salt water, or acidulated water. 
Fig. 22. thus forming a single galvanic circle. The same 
arrangement is observed throughout the whole 
series, that is, copper, zinc, paper ; copper, zinc, 
paper ; except in the last circle, or top of the 
pile which ends with the zinc. Fig. 22, repre- 
sents such a pile, a, ft, being the glass rods and 
Zj X, the pieces of wood, the upper piece having 
holes to admit the rods in order to make them se- 
j^ cure. 

tz Such a series, affords a constant stream of the 
galvanic influence, but is always most powerful 
when 6rst constructed or before the plates become oxidated. 

On this account, after having been some time in use, it re- 
quires to be taken in pieces, the plates cleaned from ru^t, 
and then again reconstructed, when it regains its original 
energy. 

J^ pile composed of two dozen plates of each metal, will 
give a small shock, which, when taken by the hands may be 
felt to the elbows. The mode of receiving the shock, is by 
wetting the hands, and then having placed one of them in 

Mo^ is the pile of Volta constr acted ? Afler the frame ig made 
and the plates of metal and paper prepared, how is the pile 
then constructed ? When does the pile operate most powerfull/ ? 
How may the pile, afler the plates have hecome oxidated, be made 
as powerful as at first f What is the mode of receiving the shock 
from the galvanic pile f 

6 
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contact with the zinc plate, which terminates one end of the 
pile, touch with the other, the copper plate which terminatev 
the other end of the pile. Or these two plates may be touch- 
ed with a wire, wound with a wet rag and held in the palm of 
each hand. When experiments are to be made by passing 
the galvanic influehce through any substance, this is done bj 
connecting a wire with each terminating plate : the two move- 
able ends of the wire being then brought near each other, and 
the substance placed between them, the fluid passes from the 
positive to the negative side, and so through the substance. . 
These wires are called the poles of the Vohaic pile. 

Any number of these piles may be connected together by 
making a metallic communication from the last plate of the 
one, to the first plate of the other, always observing to pre- 
serve the order of succession from the zinc to the copper, 
and from the copper to the zinc. In this manner a galvanic 
battery is constructed, the power of which will be proportion- 
ate to the number of plates employed. 

The Galvanic fluid, it ought to have been observed, is ex. 
-tricafed only on condition that one of the metals employed 
be more easily oxidated, or more readily dissolved in an acid 
than the other. Any two metals will form an effective gal- 
vanic apparatus on this condition, and it is always found that 
the metal having the strongest affinity for oxygen is positive, 
while the other is negative. Thus any metal, except that 
which has the least affinity for oxygen, of, all, may form the 
positive or negative side, by having another metal more or 
less oxidable than itself, placed in contact with it. 

Copper, in contact with zinc is negative, because zine is 
most easily dissolved, or has the strongest affinity for oxy- 
gen of the two. But when copper is in contact with silver, 
it becomes positive, while the silver is negative ; and for the 
same reason silver becomes positive when in contact with 
^Id, or platina. The greatest effect is produced, other cir- 
cumstances being equal, when two metals are placed togeth- 
er, one having the greatest, and the other the least, affinity 
for oxygen, as zinc and platina. 

— ' " ■' t ' 

When it is required to pass the olectricitj through a substance, how 
IB this done f What are the wires or conductors called? HowJ^ a 
galvanic battery constructed ? How must the metals differ, in respect 
to their affinity for oxygen in order to evolve galvanism ? In what 
electrical state is the metal which has the strongest affinity for oxy- 
gen f What will be the state of copper when m contact with zinc? 
What will be the state of copper when in contact with silver or gold ? 
What metals will produce the greatest effect ou this account? 
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Since the invention of Volta, ,a great variety of different 
methods have been devised, in order to extricate the galvanic 
fluid with greater convenience, or with greater power ; and 
also to modify its action for different purposes. 

Among these inventions, the galvanic trough is one of the 
most convenient, and common in this country, though by far 
less powerful in proportion to the surface of the metal em- 
ployed, than several others. 

In this arrangement, the plates of copper and zinc are 
placed with their flat surfaces in contact, and are soldered 
together on the edges. These plates are then fixed in 
grooves, cut in the opposite sides of a long narrow mahogany 
box, leaving between them narrow intervals. The box of 
course is open on one side, the ends and bottom being made 
water tight, and also the cells between the plates, by cement. 
In fixing the plates, it is obvious that all the zinc surfaces 
must be on one side, or face in the same direction, and all 
the copper surfaces on the other side. 

Fig. 23. ^ 

Fig. 23 represents such a 

trough, furnished with con- 
ductors of brass wire, tp, w, 
which are fastened to the 
two end plates, or merely 
dipped into the cells. The 
latter is the most convenient method, on account of its allow- 
ing the t^perator to gradua^te the shock at pleasure, by inclu- 
<ling between the poles a greater' or less number of the 
plates. The conductors pass through the glass tubes a, a, 
60 as to allow the operator to. handle them without receiving 
the shock himself, and then pass to a glass plate on which 
1^ the subject of experiment is laid. 

When this trough is to be used, the cells between the 
plates are filled with water containing in solution a quantit}# 
of commpn salt, or made slightly sour by muriatic, sulphuric, 
or nitrip acid. If the water is made warm the action will Ji>e 
much increased. Care must be taken that too much acid be 
not used, for if the action on the zinc plates ia such as to 

Wnat method of extricating the galvanic power is saidto be among 
the most convenient ? Describe the construction of the galvanic 
trough ? In what order must the plates of zinc and copper be placed f 
Whiich is said to be most convenient to connect the poles to the platef 
or merely to dip them into the cells ? What are the uses of the glass 
tobes a a ? When the trough is to be used, with what are the ccllf 
filled ? 
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occasion the emission of bubbles of hydrogen, the galvancic 
action ceases almost entirely. ' I 

Afler the trough is filled with the water, its edges, and | 
also those of the plates ^must be wiped dry, and care must 
be taken that it does not leak, otherwise the electric fluid 
will be conducted away by the water. Want of attention to 
these circumstances will sometimes occasion an entire fail- , 
lire of a galvanic experiment. 

Another mode of arranging the galvanic apparatus, is by 
means of a row of glasses, each containing solution of com- 
mon salt, or a dilute acid. In each glass is placed a plate 
of copper and another of zinc, not in contact, but so con- 
nected by slips of metal, or by wires, that the zinc in one 
cup shall be connected with tlie copper of the next cup ; the 
zinc in the second cup with the copper of the third, and the 
copper of the third with the zinc of the fourth, and so on 
through the series ; except the terminating cups, which con- 
tain only a single plate each, one of copper and the other of 
zinc. This arrangement will be understood by fig. 24, 
Fig. 24. where a, a, a, are the glasses, z the 

zinc, X the copper^ and w the wires by 
which they are connected. The ad- 
vantage of this method consists in the 
exposure of the two sides of the plates 
'^i^_ to the action of the acid ; while by 
soldering the plates, as in the construction of the trough just 
described, one of the surfaces of each metal is protected from 
the acid, and contributes nothing to the effect. But the 
bulk of this apparatus and the danger of breaking the glasses 
in case of transportation, prevents its general adoption. 

A convenient and more compendious modification of this 
principle has therefore been contrived, anfd is called the | 
trough battery. In this arrangement, the zinc and copper 
plates are united in pairs, as just described, by means of 
slips of metal, which are soldered to each other. Twelve pairs 
of these plates are then fastened to a piece of baked wood, ' 
being placed at such a distance apart as to fit the cells of a 
trough which contains the water and acid. The trough may 
be made of baked mahogany, with partitions of glass, or 

What caution is necessary in respect to the quantity of acid, and 
abo in respect to drying the edges of the trough f Desctibe the mode 
of extricating galvanism by means of glass cups? Why is the appa- 
ratus made with cups objectionable ? In what is called the trough bat« 
tery, how are the plates united ? 
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what is better, the whole may be nuule of earthen, or 
Wedgewood's ware. 

When this,battery is to be used, the cells in the trough are 
partly filled with water, containing an acid or salt in solu- 
tion, and then the plates being connected with the slip of 
wood, are all let down into the cells, by means of a pulley at 
the same instant, each cell containing one plate of zinc and 
another of copper. 

Where great power is wanted, any number of these 
troughs may be^ connected together by passing a slip of cop. 
per from the positive end of one, to the negative end of the 
other trough. For the use of a laboratory, this is by far the 
most convenient, as well as the most powerful means of ob- 
taining large quantities of the galvanic fluid, yet devised. 
When an experiment is finished, the operator, in a few min« 
utes, can raise all the plates from their troughs by means of 
puUies, and thus they are suspended, ready to be let down 
again when wanted. The power also, with the same extent 
of surface, is double that of the galvanic trough, where the 
plates are soldered together, since with the present method, 
the entire surface of each metal is exposed to the action of 
the acid. The plates can likewise be more readily cleaned, 
and the whole apparatus more easily kept in repair. 

The galvanic battery of the Royal Institution of Great 
Britain, is constructed on the above plan. It is of immense 
power, consisting of 200 troughs of Wedgewood's ware, each 
containing ten cells, and receiving ten double plates of cop- 
per and zinc, each plate containing a surface of 32 square 
inches. The whole number of double plates is therefore 
2000y and the whole metaUic surface exposed to electrical 
excitation at the same instant, is equal to 128,000 square 
inches. 

It was by means of this apparatus that Sir Humphrey 
Davy performed his brilliant experiments, and succeeded in 
decomposing the alkalies, and showing their metallic bases. 
(See potash and soda.) 

Chemical effects oj Galvanism, It is a singular, and per- 

■^^— ^■*— ^^' — ■■» ■ ■ I ■■» — II ■ m \ ■■■I ■■■■^■,. ^m I ■■■■■■■■■ !■ ■ 

In the trough battery, how are the plates of metal brought into con- 
tact with the acid f What are said to be the advantages of this meth- 
od ? Why is this battery more powerful than the galvanic trough in 
which the plates are soldered together? What peculiar conveniences 
has this arrangement? What number of double plates does the batte- 
ry of the Royal Institution consist of? What important discoveries 
£d 8ir H. Davy make by meanis of this battery ? 

6* 
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haps, unaccountable fact, that the extent of the centinuouff 
surface of the metals, from which the galvanic fluid is ob- 
tained, has an influence over its efiects, wl^en employed for 
rarious purposes. We should suppose, both from reasoning 
and theory, that the amount of galvanic action, would in 
every case, be proportional to the number of square inches 
of metallic surface, and that it could make nO difference in 
the result, whether the individual pieces of metal were large 
or small. But experience shows that this is not the case. 
The effect of a battery composed of large plates, and one of 
small plates of the same extent of surface, is quite different. 
That composed of the large plates having the most intense 
chemical, or heating power, while that consisting of small 
ones has the greatest effect on the animal system. Thus a 
man can bear with little inconvenience the shock from Mr, 
Children's battery, composed of plates six feet long and two 
feet and a half wide ; while he would be stunned, or per- 
haps killed by the shock from the same amount of surface, 
were it divided so as to proceed from plates of only two or 
three inches in diameter. And yet Mr. Children's battery 
gives the most intensely brilliant chemical effects, while the 
chemical agency of the small plates is comparatively slight 
and insigniflcant. 

The decomposing chemical effects of galvanism have been 
much more extensively employed than (hose of common 
electricity. Indeed the decomposing power of electricity 
was little known before the brilliant discoveries of Sir H. 
Davy, by means of galvanism ; but since that time, Dr. 
Wollastan has shown that most if not all the chemical effects 
of the galvanic battery may be produced by electricity. 

The decomposition of water by means of electricity, was 
effected by the dutch chemists long before the discovery of 
galvanism. A description of the method of doing this has 
already been given while treating of \electricity. This seems 
to have been the most important chemical decomposition 
effected by electricity, before the discoveries of Galvani 
and Volta. 

dince that period, the science of Chemistry has owed to 

Is there any difference in the effect of a battery composed of large or 
^oiali plates, when the extent of their surfaces is the same ? What 
kB the difference between the effects of large and small plates ? Will 
•electricity produce the same chemical effects as galyanism ? Was the 
decomposition of water effected by electricity before the diacovery of 
l^alTViiiui ? Of what use has galvanism been te chemistry ? 



that of galranism som&of the most magnificent and impor'* 
tant discoveries ever made in that science, viz. the decompo* 
sition of the alkalies, and as a consequence of this, other cKs« 
coveries of great interest and value. 

But one of the most extraordinary facts belonging to the 
agency of Galvanism, is the discovery that the elements of 
decomposed bodies follow an invariable law in respect to the 
electrical sides on which they arrange themselves. Thus in 
decomposing water, or other compounds containing its ele- 
ments, the hydrogen escapes at the negative pole,^nd ther 
oxygen at the positive. In the decomposition of the salts 
(see salts) and other compounds, the same law is in every 
instance observed, the same kind of element being always 
disengaged at the same pole of the battery. 

When a compound consists of two gaseous elements, they 
may be readily separated, and each gas obtained by itself, 
by placing the compound in a bent tube, and then exposing 
it to the galvanic action. 

This simple arrangement is represented by fig. 25. 

It consists of a glass tube bent as in 
the figure, a small orifice being ground 
at the angle so as to let in the water ; 
or instead of this, two tubes may be 
- used with their lower ends placed in 
contact. The tubes being filled with 
water and their lower ends placed in 
a dish of the same fluid, the two plati- 
na wires proceeding from the two sides 
of the battery are passed through corks in the upper ends of 
the tubes, and pushed down, so as to come within about the 
eighth of an inch of each other. Care must be taken that 
the adjustment be such as to. allow the gases as they ascend 
to come within the orifices of the tubes. 

The battery being now set in action, small bubbles of 
gas will be seen to rise from the ends of the wires, but in 
dififerent quantities. The tube from the negative wire will 
soon be filled with hydrogen gas, while the other in the same 
time will be only half filled with oxygen. This circum- 
stance arises from the. fact^ that in forming water, these two 
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In the decomposition of water by galvanism, at which pole of thm 
batteiy doee hydrogen always escape f Describe the method of de- 
composing water by galvanism and of retaining the two gases in a 
separate state. In performing this experiment, why is the tube on th* 
negative aide first filled with gas f 
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gases combine in the proportion of two volumes of hydrogen 
to one of oxygen. Of course, therefore, when water is de- 
composed, the volume of oxygen is only half that of hydro- 
gen. 

In this experiment, the poles of the battery must be of 
platina, or gold, otherwise, if they are made of iron, or other 
oxidable metal, the oxygen combines with the metal instead 
of being extricated and rising up the tube. 

When neutral salts, whether alkaline, metallic, or earthy, 
such as^common salt, blue vitriol, or alum, are exposed to 
the action of a powerful battery, the same law is observed, 
the acid, which contains the oxygen goes to the positive 
wire, while the bases being alkalies metals or earths are trans- 
ferred with the hydrogen (for these salts always contain 
water) to the negative wire. 

But the most surprising effects of the power of this princi- 
ple is exhibited when the compound is placed in cups con- 
nected with the two sides of the battery, and the two con- 
stituents of the compound are transferred from one cup to 
the other. 

If the solution of any saline compound, such as Glauber's 
salt, be made in water, and placed in two cups, one connect- 
ed with the positive,, and the other with the negative side of 
the battery, then, by making a communication between the 
cups, by means of some moistened asbestos, or cotton, and 
setting the battery in action, the two constituents of the salt 
will be transferred from one cup to the other. 

Yi„ 26. ■^^^' ^^ ^^^^ show the situation 

of the cups, the asbestos, and the 
galvanic poles for this experiment. 
Both cups contain a solution of 
Glauber's salt. This salt is com- 
posed of sulphuric acid, soda and 
water. The cup P is connected 
to the positive side of the battery, by a wire, passing into the 
fluid, and the cup N, with the negative side, in the' same 
manner. The cups are connected by the moistened asbestos 
passing from the fluid of one to that of the other. When this 
arrangement is completed, and the battery has been some 
time, in action, it will be found that the water in the positive 

In decomposing the salts, what law is observed in respect to the 
poles, at which their element^ are extricated f Explain .lig. 26, and 
describe how the elements of the salt is transferred from one cup to the 
other ? In which cup is the acid, and in which is the alkali found ? 





cup will have an ackl taste, while that in the negative cup 
will have an aU^aline taste ; and if the action be continued a 
sufficient time, all the acid contained in the salt will be found 
in one cup, and all the soda in the other. 

Nor does it appear to make any diiSerence in the result, at 
what part of the fluid circuit, the salt to be decomposed it 
placed. 

• Fig. 27. This is proved by 

placing three cups in a 
line, and ovinecting 
them together by moist- 
ened asbestos, as shown 
by fig. 27. IftheGlau. 
ber's salt, or any other 
saline compound be put 
into the middle cup, and water into the others, and the two 
galvanic poles be connected with the other cups, P being the 
positive, and N the negative side, then all the acid will b6 
transferred to the positive, and all the alkali to the negative 
cup, while the water in the middle cup will remain nearly in 
a state of purity. If the two outer cups be filled with an 
infusion of red cabbage, instead of simple water, the operator 
can see the progress of his experiment, since the contents of 
one cup will be turned red by the acid, and the contents of 
the other green by the alkali. 

A phenomenon of a still more extraordinary kind occurred 
to Sir H. Davy during his experiments on this subject. For 
it was proved that the galvanic action was capable of sus. 
pending the laws of aflinity, so that an acid might be conveyed 
through an alkaline substance, or an alkali through an acid, 
without any combination taking place between them, or either 
might be passed through a cup of infusion of cabbage, with* 
out changing its colour. The three cups being arranged as in 
the last experiment, and connected together by films of moist- 
ened cotton, or asbestos, there was put into the negative cup» 
N, a solution of sulphate of soda, and into the other two cups, 

Describe fig. 27, and show into which cup the salt is placed, and into 
which its different elements are transferred by the galvanic action. 
What is the advantage of filling the two outside cups with infusion of 
red cabbage ? What extraordinary phenomenon is observed in respect 
to the suspension of the laws of affinity by galvanic action f Describe 
the experiment by which it was found,- that an acid or an alkali was 
made to pass through a cup of infusion of cabbage without changing ita 
colour. ' 
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an infusion of red cabbage ht water ; this infusion being one 
of the most delicate tests of the presence of an acid or an 
alkali. After these cups, so arranged, had been for a short 
time, placed in the galvanic circuit, the infusion in the positive 
cup became red, and afterwards strongly acid, while that in 
the middle cup continued of the same colour as at first.' Thus, 
as the salt was decomposed, its acid passed through the 
middle cup without mixing in the least with the water it con- 
tained, otherwise its colour would have been changed. On 
reversingirthe connexions with the poles of the battery, the 
alkali of the salt was transferred to the opposite cup, the solu- 
tion of which it tinged green, without in the least affecting the 
colour of that in the middle cup. 

On placing an alkaline solution in the middle cup, the acid 
was transferred through it, without combination ; and when 
an acid was placed in that cup, an alkali passed through it in 
like manner. 

To account for these singular phenomena. Sir Humphrey 
Davy supposed that the elements of compound bodies were in 
different and opposite states of electricity, but that during 
their chemical union, an equilibrium existed in these electri- 
cal states. This theory we have already mentioned, in ac- 
counting for the decomposition of water by common electri- 
city. But Sir H. Davy believed it to extend in general to 
all chemical compounds. To explain how the elements of 
bodies may be in this state, he supposed that each element is 
naturally posaeeeed witha- porti on of electricity, whether it i» 
in a state of combinnation or not ; *and that the elements, in 
this respect, naturally divide themselves into two classes, one 
of which is endowed with positive, and the other with negative 
electricity. In proof of this, it is found as an experimental 
&ct, that oxygen, chlorine, iodine, (see the latter article,) and 
acids in general, are naturally negative, while hydrogen, the 
metals, and the metallic oxides and the alktUies are naturally 
positive. Thus it appears that .bodies having the strongest 
attraction, or chemical affinity for *each other are naturally in 

opposite states of electricity, and that the supporters of com- 
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What are the other proofs showing that galvanic action suspends the 
action of affinity ? How does Sir H. Davy account for these pheno- 
mena? In what statd of electricity are oxygen, chlorine iodine, and the 
acids generally ? In what state are hydrogen and the metals ? Are 
bodies having the strongest chemical affinity for each other, in the aamo 
aria opposite states of electricity? 



basti(m, oxygen, ehlofrine, and iodine are all negatiToly efec** 
Irlfied. 

From such considerations, Sir H. Dayy qot only accounts 
for the chemical agency of the galvanic fluid, but also for that 
force called affioity, or chemical attraction, which impels 
bodies of differeut kinds to unite, and form compounds. 
Thus, oxygen being naturally negative, and hydrogen natu- 
rally positive, they unite with a force, or energy, proportional 
to the difference of their electrical states. 

The decomposing force of the galvanic battery m^ readily 
be accounted for on the same principle ; for if water be pre- 
sented to any substance in a higher state of positive electri- 
city than its hydrogen, then a decomposition would ensue, 
because the oxygen would leave the hydrogen, and attach it- 
self to that substance for which it had the strongest attract 
don. The voltaic battery produces this effect, by offering to 
the two constituents of water, stronger Opposite electrical 
energies than these two substances have for each other. 
Thus supposing the electrical force of hydrogen for oxygen 
to be equalrto 3, and that of oxygen to hydrogen to be equal 
to 3, then they would combine with a force equal to 6. But 
if we suppose the galvanic battery to offer to the oxygen a 
positive electrical energy equal to 4, and at the same time to 
the hydrogen a negative energy equal to 4, then it is obvious 
that their combining force would be overcome, and that the 
oxygen would fly to the positive, and the hydrogen to the 
negative poles of the battery, and thus that the compound 
would be reduced to its original elements : and we find that 
this is exactly what happens as a fact, when the water is ex- 
posed to the galvanic circle. 

This, it must be acknowledged, is one of the most beauti- 
ful theories ever invented, and at the same time agrees with 
the phenomena observed in most energetic chemical changes. 
But there are still some facts for which it does not satisfacto- 
rily account ; nor is it absolutely certain, that in any case, 
chemical attraction is owing to the different electrical states 
of the combining bodies, so that in the present state of know- 
ledge, this theory must be taken only as a probable, and 
highly ingenious hypothesis. 



How is the decomposing force of galvanism accounted for? What 
is said in relation to the truth, or probability of the electrical theory 
advanced by Sir H. Davy f Is it certain that in any case chemical at- 
traction is caused by opposite electrical states ? 
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Heating efeeis of GtJvamsm^ One of the effects of gal- 
vanic action is the evolution of heat ; and where the aijtion 
is strong, it is accompanied with light, but not otherwise. 

There is a remarkable dilSerence between the conditions 
necessary to the evolution of heat by galvanic action, and by 
common electricity. In common electricity, there is no pro- 
duction of heat, where the fluid moves through a perfect con- 
ductor, and v^ithout obstruction. When it moves along a rod 
of metal, no sensible heat, or light, is evolved, unless the con- 
ductor is too small for the quantity. But in its passage 
through npn-conducting substances, as air, or dry wood, both 
heat and light are a consequence. 

But when galvanism passes through a perfect conductor and 
the circuit remains entire, and when no light is evolved, there 
is still an elevation of temperature caused by its passage. 

This is readily proved, by making the two poles of the bat- 
tery meet in a vessel of water containing a thermometer, 
when it will be found thai; the temperature of the water will 
soon be raised, and if the experiment be continued, the fluid 
will boil by the heat evolved. 

If the battery consists of an extensive series of electrical 
circuits, very powerful calorific eflects are produced by the 
passage of the fluid through metallic wires. Iron wire is 
melted and falls down in globules, and steel wire burns, with 
corruscations too brilliant for the unprotected eye. 

The heating eflects of galvanism seem to depend on the 
conducting power of the metal employed, the heat being in 
an inverse ratio to the power of the conductor. This is cu- 
riously illustrated by passing the fluid through a wire, or chain 
composed of alternate portions, or links of platina and silver, 
soldered together, when it will be found that the silver will 
scarcely be warmed, while the platina will be intensely igni- 
ted. 

It appears from some experiments made with Mr. Chil- 
dren's great battery, that the heat excited by Voltaic action 
is more intense than that produced by any other means. 

What is said of the heating effects of galvanism? What are the 
different conditions under which heat and light are evolved by electri- 
city, and by galvanism ? When galvanism is passed through a perfect 
conductor, what effect is produced ? What is the effect when it is pass- 
ed through water ? How are metallic wires affected by powerAil gal- 
vanic action ? W hen galvanism is passed through a chain, the links 
of which are alternately silver and platina, what is the effect on each 
metal ? What is said of the power of Mr. Children's battery f 
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Many sufoshmces were fused by it, which were exposed to 
the best wind furnaces without any impression. A piece of 
.pladna wire, one-thirtieth of an inch in diameter, and 
eighteen inches lon^ become instantly red, then white hot, 
with a brilliancy insupportable to the eyes, > and in a few 
seconds was fused in globules. Still this battery had little 
efiect on water, or on the human frame, the shock being felt 
no higher than the elbows. 

But still more brilliant effects were produced by the battery 
of the Royal institution, when pieces of charcoal were at- 
tached to its poles and then brought near each other. 

This battery, when the cells we/e filled with a mixture of 
60 parts of water and one part of nitric, and one of sulphu- 
ric acid, afforded the most splendid and impressive results. 
When pieces of charcoal about one inch long and the sixth of 
an inch in diameter were placed in the circuit, and inade to 
approach each other, a bHght spark was seen to issue from 
one to the other, and in a moment the charcoal became igni- 
ted to whiteness. Then by widening the space between the 
charcoal points, a constant discharge continued when they 
were four inches apart, affording a most brilliant ascending 
arch of light, broad in the middle, and terminating in points 
at the charcoal, resembling in shape, two cones, applied base 
Fig. 28. to base. The shape of this 

brilliant phenomenon is rep- 
'h resented at fig. 28, where 
a and b are the poles of the 
battery with pieces of char- 
coal attached to them, and between these the ascending arch 
of light. When any substance was held in this arch, it be- 
came instantly ignited ; platina, one of the mo^ infusible ot 
all the metals, melted in it as readily as wax in a candle ; 
quartz, sapphire, magnesia^ and lime all entered into fusion ; 
and points of diamond and plumbago, rapidly disappeared, 
seeming to evaporate with thcj heat. 

Attraction, 
The fourth imponderable agent belonging to our list is at- 
traction. 

What efiect does this batteiy have on the human frame ? What are 
the effects when pieces of charcoal are placed near each other, in a pow- 
erful galvanic circuit? Describe %.' 28. What substances were fused 
by the battery of the Royal Institution ? What ia the fourth impon- 
derable agent belonging to our list ? 

7 
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By attraction is meant that {property in bodies which gives 
them a tendency to approach each other, whether they exist 
in atoms, or masses. Attraction has received various names 
according to the circumstances under which it is observed to 
act. Thus, that kind of attraction which extends to all kinds, 
and quantities of matter, and to all distances, is called attraC" 
tion of gravitation. This attraction extends reciprocally 
from one planet to another, and from all the planets to the 
fixed stars, and is the cause of the orbicular motion of the 
heavenly orbes. It also extends to ail terrestrial masses of 
matter, and is the cause of their weight, or tendency to ap> 
proach the centre of the earth. 

The force of gravitation is directly as the quantity of mat- 
ter, and inversely as the square of the distance. The quan- 
tity of matter being given, and the attracting force at a cer- 
tain distance, say four feet being known, then this force will 
increase, or diminish as the square of the distance. Thus if 
one body attracts another at the distance of two feet, with a 
force of 36 pounds, then at the distance of four feet its force 
of attraction will be only ^ as much, or 9 lb. and so in this ra« 
tio whatever the distance may be. [See Natural PhUosophy.] 

By attraction of cohesion, or aggregation, is meant that 
force which tends to preserve bodies in masses by acting on 
the particles of which they are composed. This attraction 
is supposed to act only at insensible distances, as when the 
atoms of bodies touch each other, and only when the parti- 
cles of matter are of the same kind. 

Chemical Attraction is that power which forces the particles 
of bodies of different kinds to combine and form a compound. 
This force is also called qfiniti/f because this kind of union 
takes place only between particular substances. Like the 
attraction of cohesion, it acts only at insensible distances, that 
is, the particles of bodies must be brought into the immediate 
vicinity of each other before they will combine. But it dif- 
fers from cohesive attraction in taking place only between 
heterogenous atoms, or among particles of different kinds of 
matter. Several other kinds of attraction are described, [See 

What is meant by attraction P What is attraction of gravitation? 
What are the laws of attractive force f Suppose a body is attracted 
with a force of 36 pounds, at the distance of two feet, what will the 
force be at the distance of four feet ? What is meant by attraction of 
cohesion f What is chemical attraction ? How do cohesivn and chem- 
ical attractions differ ? In what respect is a knowledge of chemical at- 
traction important ? 
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Natural PhOosophyy] bat it is chemical attraction, or affinity, 
which must more immediately occupy our attention here. 

Affinity. Chemical attraction is a subject .of the highest 
importance in the study of chemistry, since a knowledge of 
the whole science includes little more than an acquaintance 
with the laws and effects of affinity, that is, of chemical at- 
traction, and repulsion. 

We have already noticed that this science is founded on 
experiment, and from deductions arising from facts thus dis- 
covered. Now chemical experiments are only the means of 
discovering chemical affinities and a knowledge of these af- ' 
finities are the facts on which the whole science is founded. 

By experiment we know that some bodies have an affinity 
to each other, that is, we know that on presenting them to 
each other under certain circumstances, they will combine, 
and form a third substance, which differs from either of th« 
first. We know also by the same means, that other substan- 
ces presented together in the same manner, will repel each 
other, that is, they will not combine, nor can they be made to 
unite so as to form a third substance. 

This kind of knowledge it is impossible for man to acquire 
without actual experiment, for by no process of reasoning 
could he ever determine before hand, whether two bodies, 
would attract or repel each other, any more than he could 
tell what they were composed of by mere inspection. 

We know, for instance, that when we mix acid and water, 
the two liquids unite, or blend together ; now by reasoning 
from analogy, we should have the same grounds for believing 
that any other fluid, would unite with water, that we had for 
believing that an acid would, and therefore that oil a[nd wa- 
ter would combine, as well as acid and water. But experi- 
ment shows, that on this subject, neither reason nor analogy 
lends us the least aid, for, on mixmg the oil and water, we 
find that they mutually repel each other, and though blended 
together by force, they again separate as soon as the force 
is removed. 

It is then only by actual experiment that we can decide 

In what does a knowledge of the science of chemistry chiefly con- 
sist ? What are the facts on which the science of chemistry is fund- 
ed ? How is it known that some bodies attract while others repel each 
other ? Is it possible to gain any knowledge of chemistry, except by 
experiment ? What reason would there be to suppose, without exper- 
iment, that oil and water Would not combine ? What is the first con- 
dition necessary to effect chemical union ? 
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whether two bodies have an affinity for each otkery and con- 
sequently whether they are capable of forming a chemical 
compound, or not. 

There are several circumstances which affect the results 
of chemical affinity, or conditions on which its action de» 
pends, which will be mentioned in their turn. There are 
also several kinds of affinity, which have received different 
names, depending on the conditions under which its action 
takes place. These appellations and conditions will also 
claim attention as they occur. 

The first condition necessary to effect chemical combina- 
tions is, that one or both the bodies should be in a fluid state, 
since however strong the affinity of two bodies may be to 
each other, their particles cannot unite unless they are free 
to move. Hence to effect the combination of solids, their 
cohesion roust first be destroyed either by solution in a fluid, 
or by, means of heat. The acids and alkalies have a strong 
affinity for each other, but on mixing them, even when in 
the finest powder, no x^hemical combination ensues, because 
in all chemical compounds the union t^kes .plaue between the 
atoms of the combining substances. 

But on pouring a quanity of water upon such a mixture, 
chemical action instantly ensues, and a third substance, dif. 
fering entirely from the alkali or the' acid, is the result of 
the combination. This compound is called a soli. 

In like manner, if zinc and copper be reduced to the 
finest powder and mixed ever so intimately by mechjanic^ 
force, there will still be no intimate union between their par- 
ticles. But if boat be applied so as to reduce them to a fluid 
state they combine with considerable energy, and fonn a 
yellow alloy, called brass, which difiers greatly from the 
zinc or copper of which it is formed. 

Simple Affinity. The most simple cases of affinity are 
afibrded by the mixture of two substances which have the 
power of combining with each other, in any proportion. 
Water and sulphuric acid, or water and alcohol, form such 
combinations. What are termed ne^rcd sdUsy which are 
formed by the union of a pure acid, and a pure alkali, are 
instances of the same kind, only that. they do not combine in 
all proportions, in a great variety of instances, afler two 

What is necessary, in order to effect the chemical combination of 
solids ? Why will not solids combine as well as fluids ^ In what man- 
ner may copper and zinc be made to combine ? What are the moft 
simple oases of affinity ? Give an illustration of this affinity. 
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siibstances have combined, when mixed alone, or without 
the admixture of any other substance, this first union may 
be destroyed by the intervention of another, or a third sub. 
stance, having a stronger attraction for one of these sub- 
stances than they have for each other. This forms an in- 
instance of what has been termed by Bergman, Elective 
Affinity, 

Single Elective Affinity, is exercised whei one composi- 
tion is deslroyed, and at the same time another is formed. 
There are many familiar examples of this kind of decompo- 
sition, some of which we witness almost every day. Cam- 
phor dissolved in alcohol or in strong spirits, makes a trans- 
parent solution ; but if water be poured into the solution, it 
instantly becomes turbid, and the camphor separates from its 
connection with the alcohol, and rises to the surface of the 
fluid. This separation takes place because the alcohol has 
a stronger affinity for the water than for the camphor, and 
the turbidness is caused by the insolubility of the camphor 
in water, in consequence of which it takes the solid form. 

Soap is composed of oil, an alkali and water. The oil and 
water have no aftnity for each other, but the alkali has a 
strong affinity both for the oil and water, and consequently 
the three substances unite, and form a compound. But if 
an acid be mixed with a solution of soap, the compound is 
decomposed, for the alkali has a stronger attraction for the 
' acid than for the oil and water, and consequently the oil is 
rejected and rises to the surface, while the acid and the alkali 
form a new compound. 

This affinity is called ekctivejhecBXtae when one substance 
is mixed with several others it seems to manifest a choice 
between them, and elects one with wnich it unites, to the 
rejection of the others. 

It is most probable that every substance has an affinity for 
many other substances. We know indeed that this is true in 
a greatvariety of instances, since experiment shows that one 
substance will form several compounds with other sub. 
stances, in succession, and that these compounds may in 



What is sin^e electiye affinity ? Give an example of the exerciie of 
this kind of affinity* When water is poured into a solution of camphor 
in spirit, why ia the camphor separated ? What is the composition of 
soap? When an acid is mixed with a solution of soap, why does the 
oU rise to the surface? Why is this kind of affinity called electire ? 
What is said relative to the attraction of one substance for many 
others ? 

7* 
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tuccession be destroyed liy the appfieeftioit <yf other sub* 
etaiicee, which have a stroDger affioity to the first. 

As an example, suppose sulphuric acid^ or thd oil of vitrioly 
to be the first substance, or the one-towards which several 
ether 8vd>8tance9' have a chemical attraction^ but in different 
degrees of force, then a compound formed between the acid 
and the substance having the least affinity, will be destroyed 
by the substance having the next stronger degree of aiOinity, 
and this second compound would be decomposed by the sub- 
stance 'having the next degree of affinity, and so of every 
eubstance having a stronger attraction for the acid* 

Thus sulphuric acid has an affinity for haryteB^ Hnmtimf 
potaA, soda, lime, ammoma, and m^tgnesiOf and the force of thia 
affitmy is in the Order in which they are naoked ; that is, 
barytes has the strongest and magnesia the weakest. A 
compound therefore of magnesia and sulphuric acid would 
be decomposed by the addition of ammonia, and one of am* 
moniar and the acid, by the addition of time, and so on; but 
none of these substances would decompoae that formed be* 
tween the acid and barytes, because these substancee have 
the strongest affinity for, each other. ^ ■ 

No chemical facts appear on first view^ more simple or io« 
telligible than those which are explained by the operation of 
elective affinity. But we shall find, on a more mibtite ex- 
amination, that this force abstractly considered, is only oiie» 
of several causes, which arc concerned in chemical decom- 
positions, and that its action is modified, and sometimes sob- 
verted by counteracting causes, to be mentioned hereafter. 
i '■ Double Elective Affinity, takes {^ace whenever two 
cobpounds, each consisting of two ingredients, mutually 
decompose each other, and by a double interchange of theae 
principles, form two new compounds. We have seen that, 
in single elective affinity, one new compound is formed by 
the addition of a single substance, while the ingredient thus 
rejected remained uncombined, or alone, in the solution. 
Thus when lime is added to a compound of magnesia and 
sulphuric acid, the lime and acid unite, while the magnesia 

What are the substances named, as having an affinity for sulphuric 
acid, and in what order is the force of this affinity with respect to the 
substances ? Suppose soda and sulphuric acid to bo combined, which 
6f the substances named would decompose the compound ? Which of 
the substances named would decompose sulphate of barytes ? When 
does double elective affinity take place f 
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ia rejected, and reimint eolitai^ in the eolation^ having no- 
thing on which to bestow its affinity. 

In double electire affinity, an interchange of the principles 
belonging to each compound is effected, and thus the old 
compounds are destroyed, and new ones formed ; and it is 
curious and interesting to observe the consequences, of what 
we should call the likes and dislikes of the particles of matter 
for each other, were they animated. 

It often happens that a compound of two ingredients can- 
not be destroyed by the application of a third, .or fourth in* 
gredient separately ; but if the third and fourth be combined, 
and then the two compdunds be brought into contact with 
each other, decomposition and interchange of principles wiU 
ensue. Thus, sulphate of soda is composed of soda and 
sulphuric acid, and is the substance called glauber^s sdU, 
Now when lime is added to a solution of this salt, there en- 
sues no decomposition, because the soda attracts the acid, 
more strongly than the acid attracts the lime. If mu- 
riatic acid be added to the same solution, there follows no 
decomposition, because the sulphuric acid has a greater 
affinity for the soda, than the sl)da has for the muriatic acid- 
Bat if the lime and muriatic acid be previously combined, 
ibnnihg a muriate of lime, and this compound be added to 
the solution of the sulphate of soda, then a double decompo- 
sition follows, and two new compounds are formed out of 
the dd ingredients. The lime of the' muriate of lime, and 
the sulphuric acid of the sulphate of soda, having stronger 
affinities for each other, than the first has for muriatic acid, 
or the second for soda, mutually abandon their old connec- 
tions, and having combined with each other, form a new com- 
pound under the name of stdphate of lime. The soda and 
muriatic acid being thus rejected, and their former unions 
dissolved, they combine themselves anew, and form another 
compound, vastly superior in value to any of the others, and 
which is known under 4he name of murtofe of soda, or eom- 
mon salt. These changes will perhaps be better understood 
by the diagram, which follows. 

Id this kind of affinity, how many old compound* are destreyed, 
and how many new ones formsd at the aarae time ? Why doei^ not 
'lime decompose sulphate of soda ? Why does not muriatic acid de- 
compose sulphate of soda ? What are the chemical changes effected 
when mariate of lime is added to a solution of sulphate of sodaiP 
What are the names of Uie new compound formed by the decomposition 
of suljpjkiate of aoda, and muriate of lime f 
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MwritiUiif Soia 



Stdphaie 
Soda 



Soda 



Muriatic acid 



lame 



Mmiaie 



Su^ohuric acid 

SvfykateoflMm» 

On the outside of the vertical brackets are placed the 
names of the original compounds, sulphate of soda and mu- 
riate of lime, and above and below the diagrann those of the 
new compounds. The upper line is straight, to indicate that 
the muriate of soda remains in solution, while the middle of 
the lower one is directed downward, to show that the sulphate 
of lime is. precipitated, or falls to the bottom of the vessel. 

Causes which counteract or modify the effects of chemical 

affinity. 

It has been stated that the effects of chemical action are 
often modified, or even subverted by counteracting causes* 
The principal causes which have a tendency to promote or 
counteract chemical combinations are cohesion^ quantitpof 
matter i elasticity y zxk& gravity. 

Cohesion, fiy cohesion we mean that attractive force by 
which the particles of bodies are kept together, and in conse* 
quenoe of which, masses are formed, ft is obvious that this 
force must modify, or entirely counteract that of chemical 
attraction ; for the more strongly the particles of any sub« 
stance are united, the greater the obstacle to a chemical 
union with those of other bodies, because the 8ucc,essful ef« 
fects of affinity depend on a mutual penetration of particles. 
Hence the formation of chemical compounds require that at 
least one of the ingredients should be in the state of a liquid, 
so that the particles of each should have free mutual access. 
Where the affinities are strong and the cohesion slight, the 
union is effected with considerable energy, under such cir- 
cumstances. Thus masses of carbonate of ammonia, of con- 
siderable size, will be dissolved, by nitric acid : but when the. 

Explain tiie diagram illastrating these changes. What are the 
principal causes which promote, or counteract* chemical chaoMi^? 
What it meant by cohesion f How does cohesion prevent •ohitiMif' 

i 



force of cohesion is great, it is a strong barrier to the opera- 
tion qf affinity. Thus a mass of carbonate of lime, or mar* 
Ue, will remain for days ia an acid, when, were it reduced to 
powder, it would be dissolved in a few minutes. 

In all such cases, therefore, mechanical division is requifed 
before rapid solution, or intense chemical action can be ef« 
fected. Cdiesioo being thus overcome, solution is readily 
accomplished, because the solid now presents a greater ex. 
tent of surface to the action of the fluid. 

Heat is another means of coimteracting the cohesion of 
bodies, the repulsive power of caloric being indeed the great 
opposing force to that of cohesion, and provided its quantity 
be proportionate to the force of attraction, will so overcome 
it, as to reader aii solid bodies liquid. Different substances, 
it is obvious, require different degrees of heat for this purpose- 
Thus the cohesive force of such bodies as are called liquids, 
ie so ceunteracted by the heat of ordinary temperatures, as 
to make thetr particles easily moveable among each other, 
a circumstance on which their liquidity depends. But many 
of these substan^s, such as water and oil, by the abstraction 
of heat, become solids, because then the repulsive force of 
caloric becomes less than the attractive force of cohesion. 
On the contrary, in bodies which, we term solids, the attraetive 
foree bf cohesiott is>giisailer than tke repiiisive power of ca» 
loriC) and hence at all ordinary temperatures, their particles 
are fixed and immoveable among themselves, a circumstance 
OB which their solidity, depends. 

We have stated that the exercise of affinity depends on the 
state of the substances Concerned, and that at least one of 
them must be in a fluid stete* In aiost instances, solution ie 
effi&cted in some liquid, as an acid, alcohol, or water. But 
to produce metallic alloys, the metals must be brought to a 
liquid state without changing their properties, and this can 
be efiected only by Baeaos of caloric. For (his purpose, it is 
only necessary thait one of the metals, viz. that requiring the 
highest degree of heat, should be melted, and the other thrown 
into this in small pieeesu 

Qpaaiihf of maOef.^^Experience teaches that quantity of 

Why will the same wdwtaBoe In powder enter into nlalto more 
rtaidily thsn w^cn ia the hmm? What is the oppoeiog force to eohe- 
«oii ? W hat if yie canae of fluidity in bodies P How might all bodte 
be made fluid? Why does water become solid when caloric is ab« 
stTMM ^m it ? On what does the solidity of bodies depend i What 
ia Umi only meane by which metallic alloys oan be produced ? 
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matter exerts an important influence over <^hemical deconi' 
po&ritions and solutions. Thus we know precisely how much 
sulphuric acid, for instance, will neutralize a given quantity 
of potash, when in a free state. But if the same quantity of 
potash be first combined with nitric acid, forming nitrate of 
potash, or saltpetre, then more of the sulphuric acid is re- 
quired to neutralize this quantity than before, probably be- 
cause some force is employed to destroy the union pirevioue^y 
.existing between the nitric acid and the potash, and also be- 
cause the affinity of the two substances for each other dimin- 
ishes when both are nearly saturated. 

In making a solution of a metal in an acid, it may be ob- 
served, that the chemical action is much more energetic at 
the beginning of the process than afterwards, and that if no 
more acid be added, than is just sufficient to dissolve the metal, 
the action finally becomes so feeble as to require a day or 
two to complete the combination. But if, in this state, more 
acid be added,' the action again becomes brisk, and the metal 
is soon dissolved. 

Elasticity. Cohesion being found an obstacle to the exercise 
of affinity, it might be expected that the contrary state, that is, 
the absence of cohesion, would facilitate chemical combina- 
tions ; but experiment determines otherwise. In the elastic 
fluids, such as the gases, and common air, cohesion may be coo- 
ffldered fis entirely wanting. But bodies of this kind, though 
having a strong affinity to each other, show little disposition, 
under ordinary circumstances, to combine. Thus oxygen 
and hydrogen, though in different electrical states, may be 
mixed together in the same vessel for any period of time, 
without the least symptom of combination. The reason of 
this, is probably owing to the distance of their particles, 
which prevents that near approach to each other, required to 
come within the sphere of mutual attraction. Thus if the 
two gases be subjected to pressure by means of the little in- 
strument called a Are pump, fig. 11, they unite with explosive 
energy. 

The elastic property not only opposes the chemical union 
of bodies, but is oflen an agent by which their decomposition 

W hat is said of the influence of quantity of matter on chemical com- 
binations ? Explain how quantity of matter is illustrated by the sola- 
tion of a metal in an acid. Does the elastic state facilitate chemical 
combination ? What is the most probable reason that gases having an 
Affinity for each other do not unite when mixed under ordinary cir* 
comstances ? How may oxygen and hydrogen be^made to coimiie ? 
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18 efiected when exposed to the influence of* caloric. Thus 
substances containing a volatile and fixed principle, are de« 
composed by heat alone, because the repulsive force of calo* 
ric removes the elements of the compound beyond the influ. 
ence of mutual attraction, and the volatile element makes its 
escape in consequence. Most of the salts, composed of an 
alkali, or a metal, and an acid, and water, are readily decom- 
posed by heat. The water is first* turned to steam, and es- 
capes by its elasticity, leaving the transparent salt opake, and 
as the heat is raised, the acid is converted into vapor, and 
escapes in the same manner. 

On the same principle, oxygen is obtained from manganese, 
from nitre, and several other compounds, where it exists as 
a principle. 

Gravity. When the difference between the weight of the 
two bodies is great, this circumstance opposes their chemical 
combination. Thus when common salt is thrown into water, 
it sinks to the bottom, where the water soon becomes satu- 
rated, and will dissolve no more, but if the water be agitated, 
the whole will soon dissolve. It is found, also, that metals 
differing widely in their specific gravities, when melted to- 
gether, do not mix equally unless they are stirred, because 
the heavier metal settles to the bottom. 

Changes produced by Chemical Combinations. 
By chemical combination is meant a union between two or 
more substances of different kinds, so intimate that they can- 
not again be separated by mechanical means. Thus if clay 
or chalk, and water be mixed, the mixture will for a time be 
turbid, or opake, but if suffered to stand for a day or two, the 
clay or chalk will settle to the bottom of the vessel, and the 
water above will become transparent. But if water be mixed 
with an acid, or with a salt, or with sugar, the union becomes 
permanent, nor will rest, or filtration, or any other mechanical 
means separate either of these ingredients from the wator. 
Hence, the distinction between mechanical mixture and ch?- 

~ —J ..... . ^1 1 1 __ - - - - — ■ ■ ■ - 

How does caloric act to separate a volatile from a fixed principle f 
How is the decomposition of a fluid effected by heat f What is said of 
gravity in opposing chemical union ? How does common salt, in water, 
illustrate this principle? What is said of the combination of the me- 
' tats in this respect ? What is meant b^ chemical combination? What is 
the distinction between mechanical mixture and chemical union ? Why 
will not chalk and water combine permanently ? When water and su- 
gar are mixed, why does not the sugar settle to the bottom of th« 
vessel? 
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Inicdl union. Ai ^he firsts no affinity between the substances 
exists, and therefore no union takes place, and the chalk or 
clay falls to the bottom of the vessel. In the second, there 
is a eombination between the particles of which the substances 
are composed, owing to the affinity existing between them, 
and hence they are not separated, except by a stronger force 
than that of the existing affinity. 

The changes that accomptny chemical action, are in some 
proportion to its intensity. Iii the instances above named, 
where water is mixed with a small quantity of acid or salt, 
this action is feeble, and the sensible changes produced in* 
considerable, being only a slightly acidulous, or saline taste 
given the water. But in cases wht^re the chemical action is 
intense, the changes produced in the combining substances 
are oflen great in proportion r Thus when the two gases, 
oxygen and hydrogen are bum^ together, their combination 
is attended with most intense chemical action, by which the 
highest degrees of heat are evolved, and at the same time the 
change produced is no less than the condensation of two 
elastic gases into the fluid, water. 

Many substances which are highly .corrosive, in a separate 
state, become mild, and lose all their acrid qualities by com. 
binatlon with each other. Sulphuric add and potash, for ex» 
ample, are highly caustic substances. They both act with 
great energy on animal and vegetable bodies, producing de- 
composition and total destruction of texture. The acid turns 
the blue colours of vegetables to red, and the alkali turns 
those colours to green. But on mixing these substances to* 
gether, they entirely destroy the caustic qualities of each 
other, and there results a solid compound, called sulphcUe of 
poUishy which is mild to the taste, and neither acts on ani- 
mal or vegetable bodies, nor <^hanges the colours of the latter. 
This is called a neu^oZ salt, because the substances of which 
it is composed, thus neutralize the active properties of each 
^er. 

When the opposing properties of chemical agents are thus 
destroyed by combination, they are said to saturate each 
other, and it is found that the acrid and caustic qualities of all 



, Is there any proportion between the intensity of chemical action and 
the changes produced thereby ? What illustrations of .this law are 
given f What effect does combination sometimes have on tlie corro- 
sive properties of bodies ? Give an illustration of this effect. What 
is the composition of sulphate of potash ? What is a neutral salt? 
Whea are substances said to saturate each other ? 



Hie adds and alkalies are weakened in proportion as one is 
added to the other, until the point of saturation is attained, 
when the compound becomes neutral, and is not afiected by 
a forther addition of the acid or alkali, which forms a part of 
its composition. 

A change of htUc is also in many instances the result of 
chemical union, so that the two bpdies after combination do 
not occupy the same space as before. Thus when a pint of 
sulphuric acid is mixed with a pint of water, the chemical 
action is so great as to raise the Siermometer above the boil- 
ing point, and the resulting eontpound will not raeasox^ two 
pints as before mixture, but considerably less. 

When zinc and copper are fused together, the rusulting 
alloy has a specific gravity greater than the medium specific 
gravities of the two metals, sliowing that their bulks are di- 
miniidked by the union» The same happens when alcohol 
anc^ water are mixed ; and in general it is found that the 
resulting body after cheiiiical combination has a greater 
specific gravity than the meafi of its components* 

Another change often produeed by the exercise of affinity, 
is that of colour. ThINiUoys of any two metals do not ex- 
hibit the medium of their two colours. Thus the white met- 
al, zinc, and the red one, copper, when melted together, 
form the ^Z^ow ccunpound, brass. The colours of the rne- 
talUc oxides difiev according to the q* intities of oxygen they 
contain. The Mack ojide of mercury < ntains 100 parts of 
the metal and 4 parts of oxygen, while the /ame quantity of 
the metal combined with 8 parts of oxygen, forms the red 
oxide of mercury. We have already had occasion to notice 
Uiat blue vegetable colours are changed to red by acids, and 
to green by alkalies ; and in addition to this, we may state 
generally, that all vegetable colours are ' changed, more or 
less, by the application of these agents. 

There is still another change, which is the effect of clyeroi- 

cat affinity, and is often highly important : this is the cba%e 

of form. Of this change chemistry exhibits a great variety 

. of examples, many of which are highly curious and interest- 

What is said of change of bulk, as a result of chemical action ? 
Suppose a quantity of water and sulphuric acid are mixed, will they 
occupy the same bulk that they did before the mixture? Will the 
bulk be greater or less than before ? In chemical combinations, is the 
resulting body more or less dense, than the medium density of its (Torn- 
ponents ^ What is said of the change of colour produced by chemical 
oombtiaationsf Is change of form ever effected by chemical coiabina*- 
tioosf 

6 
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iag. * Thus if a saturated solution of muriate of lime ia 
water, be misled with a small quantity of sulphuric acid, the 
two fluids ifloaaediately become a solid. This change is pro- 
duced by the exercise of affinity. The muriate of lime is 
composed of lime and muriatic acid, and of this salt, watev 
will dissolve a large quantity and stUl remain fluid. The 
sulphuric acid has a stronger attraction for lime than Ihe 
muriatic has, and the sulphate of Ume is aearly insoluble in 
water. When therefore the latter acid is added to the aolii* 
tion, a sulphate of lime is iormed, which in a spongy Hum 
occupies the whole vessel. On the contrary, if equal parte 
of alum and aqeta^, or sugar of lead, be rubbed foroibly to* 
gather in a mortar, they form a compound mass which is 
nearly fluid. The cause of this change from the solid to the 
semifluid state, is also easily explained. The alum and sugar 
of lead contain a quantiy of water, called the water of cry^L 
lization. When they are forcibly rubbed together, the ele* 
ments of which they are composed unite in consequence of 
mutual affinity, and thus the water of crystallization is set 
free, and occasions the partial fluidity of the mixture. The 
great changes which the two gases undergo in the fonnati<m 
of water, have already been mentioned. Similar changes, so 
far as respects the cmdenMiion of elastic fluids, and liquids, 
are phenomena which are frequently witnessed in experi* 
mental chemistry. Thus water absorbs about 500 times its 
own bulk of gas called ammonia, which is in this .manner 
condensed, and forms a part of the liquid. The compound 
thus formed is known by the name of spirit of hartthom. 
Quicklime, in the process of slacking, absorbs a large quan* 
tity of water, which by this combination becomes solid, and 
forms a part of the dry lime. 

In the formation of the gases, on the contrary, there is an 
immense increase of bulk. When water is decomposed and 
made to assume its elementary gaseous form, there is an in- 
crease of bulk nearly equal to 2000 volumes. That is, a 
cubic inch of water contains 662 cubic inches of oxygen, 
and 13:^ cubic inches of hydrogen, thus the volume is in« 
creased 1987 times by the decomposition. The explosion 

How is the change of form accounted for when sulphuric acid and 
muriate of lime are mixed? How is the change of form explained, 
when alum and acetate of lead are forcibly mixed ? What is said of 
the coadensation of ammonia by water, and the condensation of water 
by slacking lime? How many times more bulky are the gases of 
which water are composed, than water itself? 
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•f gan powder is another example of the vaat ittoreaae of 
volume by chemical decompoeitioii. 

Fbrce of Chemhal Affinkf, Although it is aw^itained) 
1^ means already described, that the affinity of one body fbr 
a Biimber of others, is not of equal foroe, yet we are ignorani 
Aois much dhfierence there is in the forces of these difi^rent 
degrees of affinity. 

The only means of deciding tins ^juestion is to otMerv^ the 
tendency which several substatees have Id unite with the 
same snbstanee, under similar droumstaiieos. Oxygeu, for 
instance, as a universal agent, might be seieeted as a stand* 
ard, and the force of affinity between this and other bodies 
be estimbted by their degiees of oaddalton under the same 
oireumstances. We know that there is an immense diflbr- 
enoe between the forces with which difibrent bodies attraet 
this principle. Some of the metals^ ftor iastimee, absorb 
oxygen with such avidity, that they eannot be preserved in 
their metallic state, vdien exposed to the atmosphere, even 
for a short time ; while others have so little affinity for this 
principle that they cannot be oxidated without the most ^* 
ergetic means. Thus, potasmum (see this word) attracts 
oxygen with such force as to deoeoipose wafer, at comnott 
temperatures, by absorbing it from ^ hydrogen ; wMIe the 
afeity of platina or gold for this principle is so weak as not 
to attract it at all, except at the lughest degiees of heat, or 
from acids whioh impart it most ea«ly. 

We may constantly observe the effisct of the difbrent 
forces with which several metals attract oxygen in the conix 
men affiurs of life. Thus iron and lead when exposed to 
the moisture of the atmosphere, soon tarnish, and after a 
time, by the absorption of oxygen, their surfaces become 
covered with rust, or the oxides of iron and lead. But silver 
and gold when exposed in the same manner, continue bright 
and untarnished for years, as may be observed in the points 
of lightning rods, and the gilded veins, and balls of church 
steeples. This difierence can only arise from the different 
forces with which these metals attract the oxygen of the at- 
mosphere. 

There is no department in chemistry, either as a science, 

How might the force of affinity be aacert&ined ? How do we know 
that there is a g;reat difference between ths forces with which bodies 
attract oxygen f How is this difference illustrated ? How\s it shown 
that ironr and lead attract ozyffea with ipreater force than silver and 
gold? 
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or an art, which eo much needs the inyestigmtion of able men 
as this. Tables of affinity, showing at once the force of at* 
traction between different chemical elements, would enable 
the enquirer without further experiment to decide what sub* 
stance would decompose any given compound, and therefore 
how to separate, or combine the different principles of bodies 
for /a vast variety of purposes. Tables to a very limited ex* 
tepit have already been constructed for such purposes, bat 
the difficulty and magnitude of this subject seems to have de» 
terred the more.modem chemists from ^igaging in this ex- 
tensive department of the science. 

Indefinite^ aM Definite proportions. 

It is ascertained by experiment that some bodies unite in 
unlimited, or indefinite proportions, while others combine in 
proportions which are always limited, or definite. 

.The discovery of the laws of definite proportions is one of 
the most important and wonderful among the great and bril- 
liant disooveries in modem chemistry. It is sufficient of it- 
self to convince any reasoning mind, that order, and system, 
pervade the universe, and that the minutest atoms of matter, 
and the vast orbs that move round the heavens, are equally 
under the control of the invariable laws of the Creator. 

Indefinite Proportions. When we mix water and alcc^ol, 
or water and any of the acids, they unite in any proportion. 
Thus a drop of acid will combine with any quantity of water, 
and water will unite in the same manner with alcohol, or acid. 
This principle may be tested by direct experiment ; for if a 
gallon of water be tinged blue by a vegetable colour, a few 
drops of sulphuric acid will turn every drop in the gallon to 
a red colour, thus proving, that this small quantity of acid has 
diffused itself through the whole mass. By a similar experi- 
ment it can be shown that a small quantity of water will diffiise 
itself through a large «tuantity of acid. These examples 
prove that some bodies combine in unlimited proportions on 
both sides. 

Other combinations appear to be limited on one side and 
unlimited on the others Thus common salt, and other saline 
substances, will dissolve in water in any proportion short of 

What would be the use of tables, showmg the forge of attraction be- 
tween different chemical elements ? What is said of the discovery of 
the laws of definite proportions.^ What substances are m^ntioned^ 
which comDine in unlimited proportions; ? 
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the point of Mtuniliony after which, if more he added it will 
ftll to the bottom of the TeaBel and remain solid. The great* 
est proportions in which water and common salt combine, are 
those of 100, of the former, with 40 of the latter, hut the 
smallest quantity of salt will diffuse itself through the largest 
quantity of water, and the probable reason why salt does not 
mite with water in every proportion, is, that its cohesion re* 
sists the feeble affinity of the fluid after it becomes satura* 
tod. 

In all cases where bodies combine with each other in every 
proportion, or where the proportions are limited on one side, 
and indefinite on the other, the force of affinity by which 
such compounds are formed is feeble, and the compounds 
^emselves often differ but httle from the original ingredients. 
Thus alcohol and water combine in all proportions, but the 
union produces only a modification of the qualities of each, 
the degrees of which, depend on the proportions of the mix- 
ture, and the force of affinity between them is so weak that 
distillaiion, by a gentle heat, entirely destroys their union. 
Solutions of the Milts, sugar, acids, and many other princi* 
pies, are examples of the same kind, a moderate heat, and 
sometimes evaporation, without heat will dissipate the water 
and leave the other ingredients in their former state. 

In these, ^nd a great variety of other instances, although 
the force of affinity is slight, still there is a wide difference 
between such compounds, and mere mechanical mixtures, 
since the latter are separated by rest, while the ingredients 
of the former, are not separated by rest, filtration, or any 
other mechanical means* 

These solutions, or combinations, formed hy feeble afiini. 
ties, resemble mixtures in respect, to the slight changes which 
their ingredients undergo by uniting, while they resemble 
chemical compounds in respect to the inseparable nature of 
the union, by mechanical means. 

The writer of the article Chemistry y in the Library of 

How is it proyed that a few drops of acid will diffuse itself througha 
large quantity of water ? What bodies combiDe in limited proportions 
on one side, and onlimited proportions on the other ? In what propor- 
tions do water and common salt combine ? In cases where bodies unite 
in all proportions, is the force of afBnitj strong or weak? What are the 
substances mentioned, which unite in all proportions i In what respect 
do combinations, formed by feeble affinities resemble mixtures, and 
in what respect do they resemble chemical compounds ? What are 
these slight combinations called in the Library of Useful Knowledge ? 

8* . 
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Useful Knowledge, has called each slisiit combioationa 
Chemical miastures, in order to diathiguish them from com- 
potincb formed by energetic affinities, and which come with, 
in the law of definite proportiona. 

Bnt as the student will find in most books on this subject, 
that mixtures are distinfuished £rom compounds only by the 
.means necessary to aeparate their ingredients, we ha¥« 
thought best at present, to continue the same division ; at the 
same time, having it distinctly understood, that the universal* 
ity of definite proportions, appliea only to eaei^«tie combi- 
nations. 

D^mte Proportions^ 

By deflniie proportions -in chemistry, it is meant that the 
ingredients, or elements of chemical compounds, unite with 
each other in certain limited proportions, and that these pro- 
portions in the same compound, are under all circumstances 
invariably the same. The prooft that this is really the fact, 
is established by experiments conducted widi the most rigid 
exactness, and is true, beyond all controvet^. We shall, 
however, give an example or two, of the method of estab- 
lishing this important truth, that the student may observe for 
himself, that facts*, and not opinions are the foundation of this 
doctrine* 

The subject of definite proportions may be conviently 
treated of, under three several propoadims or laws, namely, 

First, ,T?ie composition of all ehemioal compounds is Jisteif 
and invariable. 

Experiment shows that some bodies combine in only one 
proportion. Thus there is only one compound of zinc, and 
oxygen, called the oxide of zinc. Other bodies combine in 
two proportions. Thus there are two oxides of copper, one 
of which is composed of 1 proportion of oxygen, and 8 of 
copper, and the other, 2 of oxygen, and 8 of copper. Other 
bodies again combine in three, four, five, or even six proper- 
tions, the latter being the greatest number of compounds 

What is meant by definite proportion! in chemiBtrjr ? What is the 
first law of definite proportions ? What two substances combine only 
in one proportion ? What two snbstanoes are mentioned which com- 
bine in two proportions and what are these proportions ? What num- 
ber of compoands are known to be formed by two elements? The 



proportions of any chemical compound being definite, what wenWjIi 
the effect of changing these proportions f '-19^^. 




rvt*. 
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knorn to have been formed by any two elements, witfaio the 
limits of definite proportions. 

The proportions of any given compound being invariabty 
the same, it follows that its characteristic properties depend on 
these proportions, and that if these proportions are changed, 
the compound will contain new properties, and therefore a 
new substance is formed. As an example of the change pro* 
(kiced on tbe compound, by a different proportion of one of 
its coostttuents, we will cite mercury and chlorine, [see chlo- 
rine.] These two substances unite in two proporttons, the 
first of which is composed of mercury 200, and chlorine 96. 
This forms the well known medicine called eahmely and is 
sometimes given in doses of a tea-spoonful at a time, without 
injury. The other is composed of mercury 200, anil chlorine 
72, being one more proportioii- of chlorine, than is contained 
in the calomel. But the two compounds in their sensible 
qualities are entirely difierent, the latter being one of the 
most active and fatal of poisons, and is known by the name 
of eorrosiveMublimate. Thaa two substances uniting in one 
proportion, form a compound which is comparatively inert, 
while in another proportion they form one of the most virulent 
poisooB known. Nor is there any medium, or half way union 
between these bodies ; they combme in these two propor* 
tions or not at all. For, suppose 200 parts of mercury should 
be exposed to the action of 40 parts, by weight of chlorine, 
then the mercury would oombine with 86 parts of the gas, 
and no more, leaving the other 4 parts remaining untouched. 
And so on the contrary, if 210 parts of the metiu be exp<osed 
te the action of 86 .parts of the gas, then the gas will' com- 
lune wiih 200 parts of the mercury, while the 10 parts would 
remain uncomhined. 

In all energetic eombiiiations the proportions of the com- 
bining substances are Hmited in the same manner, though 
' the proportions themselves are exceedingly various. Indeed, 
it appears that the law of limited proportions, is as universal 
and as permanent, as the law of gravity itself, and that its 
doctrines, so far from being founded on the theoretical opin- 
ions of men, are in truth based on a general, but newly dis- 
covered law of nature. 

.11 I > I 1 1 1 III! Ill I II I »_ III I ^»»Mi^^ 

'What exunple ie griyenof tbe difference between oompotinds formed 
of^cme and two proportions of the s&me elements ? What is said con- 
onsinikg the combination of mercury and chlorine in other proportions f 
.WBt4Q^parts of chlorine unite with 200 parts of mercurj ? On what 
lA It«ii4tl^e truth of the law of definite proportions is founded ? 
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Second. When two suhstance$ unke in more than one pro* 
portion, the second, or third proportions are muUipies of the 
first, by a whole number. 

This Yory remarkable law applies in every case where 
bodies unite with each other in more than one definite proper- 
tion. The expression of the law, simply means, that the first 
proportion in which two bodies unite, is in the lowest or small- 
est proportion in which the two constituents are capable of 
uniting with each other, and that the other propottioiiB are 
double, trible, or quadruple, this lowest proportion. 

For example, the several compounds of nitrogen and oxy- 
gen are in the following proportions to each other, viz. : 

Nitrogen. Oxygen. 



Nitrous oxide, consists of 


14 


parts, and 8 parts. 


Nitric oxide, " 


14 


« 16 


Hyponitrous acid, " 


14 


« 24 


Nitrous acid, " 


14 


82 


Nitric acid, «« 


14 


" 40 



Thus the lowest proportions in which oxygen and nitrogen 
combine being to each other as the numbers 8 and 14, all the 
other proportions of oxygen are multiples of this first number, 
while the proportion of nitrogen remains the same. The second 
number is the fir^t multiplied by ^ ; the third, the first multi- 
plied by 3 ; and so on. These proportions are therefore to 
each other as the numbers 1, 2, 3, 4, and 5. 

Illustrations of this law can be observed throughout every 
department of chemistry^ where the analysis of chemical 
compoumis are given, and with a single exception, or two, 
where it is most probable the fault is either in the analysis 
or the want of knowledge, the same principle is found to be 
exactly true. One of <hese exceptions is found in an oxide 
of manganese, and will be pointed out hereafter. 

On these discoveries is founded the law, called the law of 
muUifle proportions, a phrase which is often repeated in ail 
the late works on Chemistry, and of its general truth, as 
already observed, there can be no doubt. In the above ex* 
ample, all the succeeding proportions of oxygen are multi-^ 
pies of the first. 

What i8 the second law of definite proportions? What explanai- 
tlons are given of this law ? Suppose the smallest propornons in 
in which nitrogen and oxygen combine are 14 of the first, and eig^t of 
the last by weight, what uien will be the second proportion in whiok 
oxygen combines with nitrogen ? What the third, what the fourth, aadi 
what the fifth? 



The third law of combination is nearly conne<nedviCh die 
kflt, though the difference of expressiony and of meaning wiHI 
be obvious. In all cases it is understood that hydrogen re- 
presents unity, or 1, and that this is the common unit to which 
the oiher numbers refer. 

Third. Bodies unUe wUh each oAer tn pfoportkms whiek 
fMy he esspressed in numbers^ 

This law is not less extraordinary than that of multiple 
proportions, and will be readily understood by the examplee 
which follow. 

The composition of water by wei^t is 1 part hydrogen 
and 8 oxygen. But by. volume or bulk, this.fluid is composed 
of 2 parts hydrogen, and 1 oxygen. One oxide of copper 
is composed of M parts of copper and 8 of oxygen, and 
another of 64 parts of copper and 16 of xixygen, the law of 
multiple proportions being embraced whenever bodies unite 
in any more than one proportion. 

• But this law not only applies to the elementary parts of 
substances, such as hydrogen, oxygen, nitrogen, and sulphur, 
but also to compound bodies ; whose combining proportions 
may likewise be expressed by numbers. 

Now the proportions of any compound are expressed by 
the numbers attached to eaeh element of which it is compo- 
sed, so the number representing the compounds, is composed 
of the sum of its parts, or elements. Thus water is compo- 
sed of oxygen 8, hydrogen being 1, and its combining pro- 
portions will therefore be 8-f-l=:9. When one element com- 
bines with another, in several proportions, the number repre- 
senting the single proportion, and those representing the 
several other proportions, are added together to make up the 
combining number of the compound. Thus sulphuric acid is 
composed of one proportion of sulphur 16, and three propor- 
tions of oxygen ; and as one proportion of oxygen is 8, so 
the whole number representing the oxygen in this acid is 24 ; 
to which 16 being added, makes the number representing 
sulphuric acid to be 40. 

What is the third law of definite proportions ? Explain this law. 
Snppose 64 represents the metal, and 8 the oxygen in an oxide of cop- 
per, atid suppose there is a second oxide, what would be the numben 
representing^ the metal and the oxygen ? Does this law of numbers 
apply to the elements of bodies only, to the compounds also ? When 
thd numbers for the elements of a compound are known, how may the 
number for the compound be found f What are the numbers for hy-^ 
drogen and oxygen in water f 



' It must be rememberad that tho sniaUett |iM|M»r^Mi, by 
weight, in which an element i» found to combine, te the 
fixed namber by which that eiemeni is always re^esented* 
Thus oxygen is iaTaiiably represented by 8, becaose this is 
the smallest proportion in which it is known to combine with 
any other sabstanee* Thas also, water is oomposed of oxygen 
8y and hydrogen 1 ; potash of oxygen 6, aikl the metal, po« 
tnssium 40. The lowest proportion in Which sidphur is 
known to combine with miy other sabstanee is 16, and there- 
fore sulphur is always represented by this number* Thus 
aulpharet of lead is composed of 1 pvoportioft of sulphur 16, 
and one of lead, whose combining namber is 104* bs nam* 
ber theiefore is 16+104=»ld0. We hate just mentioned 
that the combining number of any compound isrepresented by 
the sum of its sin^e, or elementary parts. Thid will now be 
understood ; for by adding the numbers representing the ele* 
ments in each of the above examples, we shall have those by 
which the compounds are represented. The number for wa- 
ter as already shown, is 9 ; the number for potsah is 48, vis* 
8 oxygen and 40 potassium ; that for salphuxet of lead is 
120, viz., sulphur 16, and lead 104. 

By remembering the combining weights of the elements 
of any compound, the number representing thi^ compound 
may at once be known. For example, hydrate of potash is 
composed of water and potash ; water is composed of ox- 
ygen 8, and hydrogen 1=9. Potash is composed oi potas- 
sium 40, and oxygen 8=48* These two sums being add* 
ed, viz. 9+48=357. Thus the number for hydrate of potash 
is 57. Again, the salt called suiphaie ofpoUuh is comound* 
ed of sulphuric acid and potash. Now to find the number 
representing its combining proportion, we have only to re- 
member that sulphuric acid is composed of one proper- 
tional of sulphur 16, and 3 proportionals of oxygen 24, and 
that the sums of these two numbers are 40. The number for 
potash, as above seen, is 48 ; therefore the number for sul* 
phate of potash, being the sum of these two numbers is 40+ 
4S=88. 

I 
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What then is the namber fat water ? How does it appear that 40 is 
the namber for siilpharic acid f Are the nombers for each element 
and compoand invariable ? On what circumBtance is the number for 
an element founded ? What is the number for solphuret of lead ? 
What other numbers is this number composed of ? Hydrate of potash 
is composed of water and potash, how will yon find the number which, 
represents hydrate of potash ? What is the composition of sulphate 
of potash ? How may the namber representing this compoand be 
found ? 



i 
\ 



bis vmneemmaetj to adduee fufther«iaiDple8y siiice tke In* 
tellgent student wiU ba abl^ to uodenteod firom the «bor« 
epitome, not only on wh«t kind of faote the laws of definite 
proportions are founded, bat will also,- it is hoped, be able to 
apply the above principles to the proporttonal namben of tha 
most common substances to be mentioned heieafter* 

Combination hy Vdmrntm The doctrine of definite proper* 
tion^ was founded on the saggestions of Mr. Higgles, of 
Glasgow, published in 1788. &it it wae Mr* Dakon, of Man* 
Chester, in England, who established the laws of Chemical 
combinations, and who has the merit, of not only discover ing 
almost all that is known in the details of this subject, bol 
also of having brought it distinctly before the world. Mr. 
Oaiton published his views of the doctrine of definite propor* 
tions in 1808, soon afler which, Gay Lussac, a French Cheni* 
ist, proved by a publication in one of the|ournals, that gaeee 
unite in simple and definke proportionsy and among other in* 
stances showed that water is ooii^>e«ed precisely of 100 vol* 
umes of oxygen, and 200 volumes of hydrogen. It was afler* 
wards shown by the same author that gaseous substances^ 
which are capable of a chemical union with each other, unite 
in definite proportions, by measure, or volume, and that these 
proportions are in the simple ratio of 1 to 1, 1 to 2, 1 to 3» 
and so on. 

These observations have since been confirmed by nume* 
reus experiments, instituted by the first chemists of the age, 
and at present it is as fully established, that the law of definite 
proportions extends to the volumes of gases, as it does to 
their weights, and to those of solids. As an illustratimi of 
the truth of this law we adduce the condensation of hydrogen 
and oxygen by combustion, because these gases, are more 
generally known than any others, and because their combina- 
tion is also one of the most familiar examples of definite pro- 
portions by weight. The apparatus for this purpose it is 
unnecessary to describe, it being sufficient for our present 
purpose, to state that the experiment has often been made 
with the most infallible accuracy. 

The invariable proportions in which oxygen and hydrogen 

Who first saggested the doctrine of definite proportions ? Who ex- 
tended this subject, and brought it before the pnblio ? What is said 
letatiTe to the union o£ the ganes by volume ? In what ratio do the 
gases combine by volume f What illustration is given of the union of 
gases by volume.? What are the proportions in which hydrogen and 
oxygen combine by volume, and what are these proportions by weight? 
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oombine, are by vohiine 1 of the first and 2 of the last, and 
by weight 16 c£ hydrogen to 1 of oxygen. Thus the specie 
fie gravities of these two gases are to each other as the num« 
bers 1 and 16, that is, a cubic foot of oxygen is just 16 times 
as heavy as the same bulk of hydrogen. The reason why 
hydrogen is represented by 1, as its combining proportion, by 
weight, while its combining volume is double that of the oxy* 
g^i will be seen hereafter. The mode of ascertaining the 
comparative volumes in which these two gases combine, is to 
measure them carefully, and having introduced them into a 
glass tube, the mixture is inflamed by an electric spark ; and 
m every instance it has been found, that whatever the propor* 
tions of the mixture might be in respect to each other, the 
combination is always the same, and consists of two parts of 
hydrogen and one of oxygen by volume. When one mea* 
8ure of oxygen is mixed with three of hydrogen, there will 
remain in the vessel one measure of hydrogen uncombined 
and pure, and no continuance of the electricity will in the 
least change this proportion ; and so, two measures of oxygen 
and two of hydrogen, leave one measure of oxygen in the 
same manner. 

When the gases unite merely in consequence of being 
brought in contact, and without combustion, the same law 
applies, that is, if the volume of one be greater tten its com- 
bining proportion, the excess remains pure and untouched. 

We give a few examples of the proportions in which gaseous 
volumes unite. 

Volumes. Volumes. 

100 muriatic acid gas combine with 100 ammoniacal gas, 
100 oxygen gas << 200 hydrogen gas, 

100 nitrogen gas " 50 oxygen gas, 

100 nitrogen gas " 200 oxygen gas, 

100 chlorine gas " . 100 hydrogen gas, 

100 nitrogen gas " 300 hydrogen gas. 

Another curious fact concerning the union .of the gases is, 
that many of them suffer a diminution of bulk, which is also 
in a simple ratio to the volume of one or both. Thus when 
d volumes of hydrogen and 1 of nitrogen combine, they in« 

What are the relative specific gravities of these two gases ? What is 
the mode of ascertaining the volumes of these gases f Sapposo one 
measure of oxygen is mixed with three of hydrogen, and inflamed, 
what wiU become of the third measure of hydrogen ? Does the same 
law apply when two gases combine without combustion ? What illua- 
tratiotts are.given of the combination of gases by volume ? 
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stantiy contract into 2 volumes, or one half their former }>iifk, 
and form gaseous aBimoni«u A similar condensation takea 
place when several of the other gases combine. 

Chemical Equivalents^ It was long since proved by Wen- 
zel, a German chemist, that when two neutral salts decern- 
pose each other<, the resulting compounds are likewise neu- 
tral. That is, the acid of one will exactly neutralize the 
alkali of the other ; and although two new salts are formed 
by this mutual decomposition, they will both, like the original 
compounds, he equally neutral. If one of the salts be in 
quantity too large for the combining proportions, then the ex- 
cess of that salt will remain undecomposed in the solution, 
and only such a portion of it will be decomposed as is just 
sufficient to neutralize the constituents of the other salt. 

Hence, Chemical Equivalents are those definite proportions 
of one substance^ which neutralize definite proportions oj another 
;Substance. 

The truth of this law may be demonstrated by setting down 
the combining numbers of two salts, and the number repre- 
senting the two new compounds, and then by exchanging the 
numbers representing the combining parts, the numbers for 
each compound will be found to represent the number for the 
new compound, and the combined numbers of the old and 
new compounds will be equal to each other. Thus the num- 
ber for sulphuric acid is 40, and the combining proportion of 
potash is 48, and therefore the number for sulphate of potash 
is 88. The combining proportion of nitric acid is 54, and 
that of baryta 78, and the sum of these tw^umbers is 132, 
which ipepresents the nitrate of baryta. Now when these 
two salts are mingled together in solution, both are decom- 
posed ; the 54 parts of nitric acid of the nitrate of baryta will 
saturate the 48 parts of potash of the sulphate of potash^ mak- 
ing a new salt, nitrate of potash, whose combining number is 
102. At the same time the 40 parts of sulphuric acid of t&e 
sulphate of potash will combine with, and saturate the 78 parts 
of the baryta, of the nitrate of baryta, forming another new 
salt, sulphate of baryta, whose number will therefore be 40 
added to 78=118. 



What is meant by chemical equivalentfi ? How may it be proved, 
^ that when two salts decompose each other, the acid of one exactly neu- 
tralizes the alkali of the other f 'What number represents nitrate of 
baryta ? What number represents sulphate of potash ? When the two 
iaits decompose each other, what are the names of the new salts fom* 
ed, and what is the number for each f 

9 
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Now it may b« obieir ed thai tke sains of tlie profioriional 
Bumbers of the old aad new compounds are e^ial, and the 
same, and therefore that there can be no excess in either of 
the alkalies or acids, This may be showft thus : 

Sulphuric acid 40 and potash 48, form sulph. potash, 68 
Nitric acid 54 and baryta 78, form nitrate baryta, 132 

Sum of the old compound, 220 



Sulph. acid 40 and baryta 78> form sulph. of baryta, 118 
Nitric acid 54 and potash 48, form nitrate of potash, 102 

Sum of the new compound, 220 

The utility of being acquainted with these important laws, 
says Mr. Turner, is almost too manifest to require mention/ 
Through their aid, and by remembering the proportional num. 
bers of a few elementary substances, the composition of an 
extensive range of compound bodies may be calculated with 
facility. By knowing that 6 is the combining proportion of 
carbon, and 8 of oxygen, it is easy to recolleict the composi- 
tion of carbonic oxide, and carbonic acid ; the first being* 
composed of 6 carbon and 8 oxygen, and the second of 6 
carbon and 16 oxygen. By simply remembering, therefore, 
that carbonic oxide is composed of 1 proportion of carbon 
and 1 proportion of oxygen, and knowing that carbon is 
represented by 6 and oxygen by 8, we at once arrive at its 
composition. A%i by recollecting that carbonic acid has 1 
proportion of carbon, and 2 of oxygen, the composition of 
this is also known. It may be remembered that the number 
for potassium is 40, and that when combined with one pro- 
portion of oxygen, 8, it forms potash, 48. Now by remem- 
bering these data, we know wiihout further trouble the com- 
position of the carbonate^ and bicarbonate o^potash* The car. 
bonate beiug composed of one proportion of carbonic acid, 
22, (that is, (5 carbon and 16 oxygen,) and one proportion of 
potash, 48, (that is, potassium 40 and 8 oxygen,) is represent- 
ed bv 70. The bicarbonate is composed of one proportion 



What ifi the sum of the numbers of the old salts, and what the sum 
of the numbers of the two new salts ? What is the equivalent number 
for carbon ? What is the equivalent number for oxygen ? Carbonic 
acid is composed of 1 equivalent of carbon, and 2 equivalents of oxygen, 
now what \a the number for carbonic acid ? Why is the number, or 
equivalent of carbonate of potash 70 ? 



of potaah» 48, und two of cartmiife acid, 44, end ite Dumber it 
therefore 92. 

Agnin, having in the memory the numbers representing 
carbonic acid, we can readily apply them to the composition 
of other compounds, with which this acid is united. Thus 
the number for carbonate ofsbdoy i» 54, and we know from its 
name [see Nomenclature,] that it contains only one proper- 
tion of carbonic acid. Now by recollecting the combining 
proportion of sodium, we know, in a moment, the composition 
of the carbonate of soda. The combining number for car- 
bonic acid being 22, this subtracted from 54, leaves 32 for 
the other combining proportion, and knowing that 24 is the 
number for sodium, and that soda is composed of sodium and 
oxygen, and that the combining number of oxygen is 8, we 
aseertain the composition of the salt m question, viz. sodium 
24, oxygen 6,=?^32 soda ; carbonic acid 223=54, carbonate 
of soda. 

By the same law of proportions, suppose it is required to 
Snd the compoailion of wlphaie ofsod^ The composition 
wd number of soda being known, we have only to remember 
that the combining proportion of sulphur is 10, and that suL* 
pbuijc aoid is composed of 1 proportion of sulphur and 8 of 
oxygen, and the composition of this salt and its number is 
liscertained. Soda 32, sulphur 16 ; oxygen 3 proportion^ 
24, 16=40 added to 32=72« Thus the number for sulphate 
of soda is 72, and its composition 32 of soda and 40 of sul- 
phuric acid. 

Thus by the application of this law to the combining num- 
hers, or the equivalents of chemical bodies, a table of which 
may be found at the end of this work, the composition of 
most compounds, may be readily ascertained. 

Method of aifcerkdnh^ the proportional nufuhers ofcompoumh» 
The oombining numbers of all the elementary bodies, as 
already stated, represent the smallest proportions in which 
they are severally found in union with any other body* But 
it is obvious that all these numbers must have one common 
unit from which they are calculated, otherwise there would 
exist no propoi^ona between them. For this purpose, hydro* 

Why i0 bi-cvbonate of pot««h repretented by 92? Wfef is earbon- 
ate of soda represented by 54 ? By the same law of proportion, ahaw 
why the equivalent for sulphate of soda is 72. What are the units or 
data, firom which the oombmiiig numbers, or equivalents are calo«<* 
lated? 
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gen, as uniting in the lowest possible proportion, is employ* 
ed. Thus hydrogen unites with oxygen in one proportion, 
by weight to form water, and the weight of hydrogen being 
1, the weight of oxygen in water is 8, which is also the small- 
est proportion in which the latter body is found in union.* 

These two elements having an extensive range of affinity, 
and therefore being found in combination with a great variety 
of other substances, are made the data, or points of com- 
parison from which all the other numbers are calculated. 

Afterwards, other compounds were examined which con- 
tained the smallest proportions of these elements limited to 
other substances. Among these, it was found that the gas 
called carbonic oxide, contained the smallest combining pro- 
portion of carbon, united with the smallest proportion of oxy- 
gen, these proportions being as 6 to 6. And also* that the 
gas called sulphuretted hydrogen, contained the smallest pro- 
portion of hydrogen united to the smallest of sulphur, these 
proportions being 1 of hydrogen and 1(5 of sulphur. 

Thus the numbers for carbon and sulphur were found to 
be 6 for the former and 16 for the latter, the nuno^ers for 
hydrogen and oxygen being 1 and 8. 

On examination of the different oxides of iron, it was found 
that the least proportion with which that metal combined 
with oxygen, was that of 28 of the former and 8 of the latter. 
The number for iron is therefore 28, and that of this oxide of 
^ron 32. 

In thi^ manner the proportional numbers of each com- 
pound has been ascertained, and from these, tables of chem- 
ical equivalents have been constructed. 

WoUastorCs scale of Chemical Equivalents. 
Dr. Ure says, that this scale of chemical equivalents has 
contributed more to facilitate the general study and practice 
of chemistry than any other invention of man. The descrip- 
tion of this instrument was published by the inventor in 1814. 
It consists of a piece of mahogany board two or three inches 
wide, and of a length proportionate to the extent of the scale 
it contains, or of the size of the type in which it is printed. 
Running through the middle of the board there is a sliding . 

Having the numbers for hydrogen and oxygen as data, how are the 
numbyrs for other bodies found ? What are the equivalent numbers 
for carbon and sulphur ? Explain how the number for iron was found. 
Describe the construction of WoUastons* scale of chemical eqaiva- 
lent8» 



1^9 eoataiiiiii|^ tke pvoiNMrtibnate numbeni of aU the mo^t 
comBion olieniical compounds, and on each side of the rule 
are printed the pames of the compounds corresponding with 
these numbecsu The divisions of this scale are laid out 
logometricaUy, after the manner of the common Gunter's 
scale, and consequently the ratios between the numbers are 
found, by the juxtaposition of the several lines, on the sliding 
and fixed parts, with the greatest accuracy. 

The arrangement of this scale is such, that the weight of 
any ingredient in a compound, or its definite proportion, and 
also the equivalents of the acids and alkalies, may be at once 
seen by merely moving the sliding part. 

On this scale, instead of taking hydrogen for unity. Dr. 
Wallaston.has taken oxygen, which he calls 10 ; but if we 
slide down the middle rule so that 10 on it stands opposite 
to 10 hydrogen on the lefl hand, then every thing on the 
scale will be in accordance with Sir H. Davy's system of 
proportions, taking hydrogen for unity, and also in accord- 
ance with the theory of definite gaseous combination, by 
volume. 

The principle on which this instrument works may be 
learned in a few minutes » and after a little practice, it be- 
comes one of the most efficient and beautiful of labour- 
saving machines, to both the practical and theoretical chem- 
ist. 

Nothing but actual practice with the instrument, will con- 
vey to the mind of the learner a knowledge of its practiciA 
usefulness ; we will however give an example, by which the 
principle of its construction may perhaps be comprehended. 
Wq have already stated, that on this scale oxygen is the 
unit from which all the other proportions are calculated, and 
that this element is marked 10. When therefore, 10 on the 
sliding rule is against this number, the weights of the other 
bodies are in due proportion to this number. Thus carbonic 
acid being 27. 54, and lime 35. 46, carbonate of lime being 
the sum of these numbers, is placed at 63. Then if the sli- 
ding rule be drawn upwards so that the number 100, on it, 
corresponds with carbonate of lime, the other numbers will 
correspond with carbonic acid and lime, and will show the 
' proportions in which these ingredients unite to form 100 

What principle does Dr. Wallaston call unity and what is its num- 
ber on the scale of chemical equivalents ? On what evidence is the 
truth of the doctrine of definite proportions founded f 

9* 
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pafts of carbonste of lime* Thus ^e nuniber 56 coires^ 
ponds with limey while 44 corresponcis with carbonic acid^ 
these two numbers making 100. 

Theory of Atoms, That chemical bodies unite in defmke 
proportions, by weight, and also by volume, and that where 
on^ body unites with another in mop than one proportiony 
the second is a multiple of the first, are facts jesting on the 
evidence of experiment alone* These facts, in themselves 
so wonderful, and in their relation to science so ini^rtanty 
excited the enquiry and speculations of many philosophic 
minds, as to their cause. Among these enquirers, Mr. Dal- 
ton of Manchester, seems to have been the most successful^ 
having proposed a theory which accounts, with few, if any 
exceptions, for all the phenomena observed, and which 
therefore explains satisfactorily, the reason why bodies com^ 
bine in such proportions. As the basis of this theory,. Mr* 
Dalton assumes that the union of bodies in their smallest pro- 
portions always takes place between the at<j(n>8 of which they 
are composed, that is, one atom of one body combines with 
one atom of the other body. Thus water is formed by the 
combination of one atom or particle of oxygen combined 
with one particle or atom of hydrogen. This theory sup- 
poses that the ultimate atoms of matter are indivisible f that 
they are always of the same shape and size in the same 
body, and that their weights are different in the diflferent 
bodies. Thus the weight of an atom of oxygen is 8 times 
that of an atom of hydrogen, these being the proportions 
in which these gases form water. But when bodies unite in 
several proportions, then it is 2 or 8 atoms of one, to one 
atom of the other. Thus, sulphurous acid is composed of 
2 atoms of oxygen united to 1 atom of sulphur, and suU 
phuric acid is composed of 1 atom of sulphur and 3 atoms 
of oxygen, these being the relative weights of their elements. 
But as it is found that the lowest proportion in which sul- 
phur unites with any other body is in the proportion of 16 by 

What is said of Mr. Dallon's theory of atoms? What does Mr. 
Dalton assume as the basis of his theory of atoms ? On this theory 
what is watfer composed of? What does this theory suppose, in re- 
spect to the divisibility, shape, and weight of the atoms of bodies? 
Why is an atom of oxygen supposed to be eight tiroes as heavy as one 
of hydrogen? Why is an atom of sulphur supposed to be twice as 
heavy as one of oxygen ? Why is it supposed that sulphurous acid 
contains IMom of sulphur united to 2 atoms of oxygen? That sulpha- 
ric acid is composed of I atom of sulphur and 3 atoms of oxygen ? Why 
U tiie eqalvalejit number of oxygen 8 ? Why is that for sulphur ^6 ? 
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wei^t, hydrogen being 1, so it is assumed tfiBt' a purtiele of 
sulf^of is sixtc»en times its heavy as one of hydrogen, and 
twice as heavy as one of oxygen. And as in sulphurous 
acid the weight of oxygen is found to be exactly double that 
in water, it is reasonable to suppose that sulphurous acid 
consists of 1 atom of sulphur united to 2 atoms of oxygen, 
and for the same reason, since sulphuric acid contains 
three times the weight of oxygen that water doe^, that this 
acid is composed of 1 ^ atom of sulphur and 3 atoms of oxy. 
gen. 

All this, whether true or false, explains in the most satis, 
factory manner, why bodies combine with each other in defi* 
ntte proportions, and why these proportions are expressed by 
the numbers attached to each. Thus hydrogen is unity, or 
the prime equivalent, and is expressed by 1, because by 
weight this gas is found to form water by uniting with 8 
parts of oxygen. Oxygen is expressed by 8, because its 
proportion ia water weighs eight times as much as the hydro- 
gen. The number for sulphur is 16, because this is the 
smallest proportion in which it unites with any substlEmce, 
and the number for the oxygen in sulphurous acid is 16, be* 
cause in this acid the sulphur and oxygen are of equal 
weights, and therefore just twice the weight of the oxygen in 
water ; and the number for the oxygen in sulphuric- acid is 
24, because its weight is three times that in wateF.r 

Now by supposing that one atom of oxygen is 8 times as 
heavy as one of hydrogen, and that an atom of sulphur is 
twice as heavy as one of oxygen, or 16 times as heavy as 
one of hydrogen, the whole mystery of the law of definito 
proportions is reduced to simple arithmetical calculation, for 
the proportional nutnbers are in fact nothing more than the 
relative weights of the atoms of which the several bodies are 
composed. 

In respect to the truth or falsity of this theory, it is obvi- 
ously without the bounds of demonstration, for we never can 
ascertain whether the proportions on which it is founded are 
the smallest in which bodies combine, nor whether, if so, they 
<;onibine atom to atom, as is supposed. But whether it be 
true or false, it does not in the least affect the truth of the 
law of definite proportions, which, as already stated, is found- 
Why is the number for the oxygren in sulphuric acid 24 ? What is 
«aid of the proportionate numbers in relation to the weights of tha 
atoms of bodies ? What is said in respect to the truth of this theor]F*^ * 
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od oo experiment alone, aed is therefore purely an expreeeiea 
of fac^ The a:toinic theory, however, muot ever be coa« 
flidered «a elegant and prohable bypothesie, and while it die« 
pfaiys uncommon ingennity, and great chemical reeeaieh^ 
has the advantage of agreeing in general, perfectly with the 
facts obtained by analysis^ ' 

Chemical Apparatus, 
Before proceeding to treat of ponderable bodies, and the 
description of particular agents, it is proposed to describe 
some of the most common and necessary utensils, used in the 
manipulatioBs of chemistry. 

Fig. 29. A crucibley fig. 29, is a deep conical cup, of a tri- 

^.^--v,^ angular shape at the top, and round at the bottom* 

Cl...^_x) Crucibles are made of this shape, ibr the convenience 

\ /of pouring out their fluid contents at either angle. 

\ / They are made of clay and sand baked hard, and 

\ / will withstand very high degrees of heat without 

^ — ' melting, but are liable to crack, when suddenly cooU 

ed. They are chiefly manufactured at Hesse, in Germany, 

and hence are called Hessian crucibles. 

Fig. 30. A mdtmg'pot, fig. 30. These pots are made of 

various sizes and materials. Those used in glass 

houses are made of carburet of iron, or black lead, 

and are of large size. Chemists employ those 

made of silver or platina, as well as of black lead, 

but of small dimensions. These are used for par« 

ticular purposes, when the substance to be experi« 

mented on would destroy the common crucible, in 

Fig. 31. consequence of its corrosive quality. 



A matrass, fig. 31, is a glass vessel, in the shape 
of an egg, with a long neck. It is employed in ef- 
fecting the solution of such substances as require 
heat, and long continued digestion for that purpose. 
When used, they are commonly placed in a sand 
bath, that is, in sand moderately heated. 



Whether it is true or false, does it in the least affect the truth of the 
doctrine of definite and multiple proportions ? What is a crucible, and 
for what purpose is it used P Of what are crucibles made ? How do 
melting pots differ from crucibles ? Of what substances are melting 
pots made P Of what are matrasses made ? For what purposes ara 
these vessels used f 





OHBBXOAL SLrtPAmJJLTWK 



101 




^ks* 38. A retort and receker m repre* 

sented at fig. 32. Retorts, a, 
are egg shaped vessels, with 
I the neck turned on one side. 
These vessels are of various 
capacities, from a gill to a bar* 
rely or more. They are made of glass, metal, or earthen 
ware, but most commonly of glass. No vessel is so much 
used in experimental chemistry as the retort. In the process 
of distillation, in collecting the gases, in concentrating the 
acids, and in a great variety of other operations, this vessel is 
universally employed. 

The receiver, 6, is a necessary appendage to- the retort, and 
is destined to receive whatever comes from it, during the 
process of distillation. For common purposes, these vessels 
are made of glass, but in the manufacture of various articles 
they are made of wood or metal. 

Fig. 33. Fig. 83, represents a tubulated 

retort. It differs from the plain 
retort, figured above, in having a 
)iubulure, or opening, as seen in 
the figure, to which is fitted a glass 
ground stopper. Thi» opening 
saves the trouble of detaching the 
retort from the receiver when any 
additions are to be made to its contents, a(\er they are con* 
nected, as in fig. 32. It is also necessary for the introduction 
of a sajfety tubCf a part of this apparatus, absolutely necessary 
in some processes, and which will be described in another 
place. 

The (demhic, fig. 34, is used for the distil* 
lation or sublimation of solid, volatile substan- 
ces. It consists of two parts, the head a, 
which is ground on, so as to be perfectly 
tight, and the body h, which is set into a sand, 
bath, when in use. The product of sublima- 
tion rises into the head, where it is condensed,, 
and then runs down the spout into a recei- 
ver. 




Fig. 34. 




What ia a retort P How large are retorta? Of what are letorts 
inade f What are the uses of retorts f What is a receiver, and what 
its use ? Of what are receivers made ? How does a ttibalated, differ 
from a plain retort ? What is the use of the taboiure, or opeaiiig, jn ^ 
this retort ? What is an alembic ? What is the we of tha alaiiibi4 ^1 ^ / ^ 
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*»• ^ . Evaporating dishy fig. 35. Every chemi- 

cal apparatus must have among its utensils 
shallow cishes for evaporating fluids. The 
best are made of Wedgwood's ware, and 
come packed in nests containing several sizes 
ench. The heat is applied by means of heated sand, or ashes, 
and these vessels are used to evaporate solutions of salts, in 
order to obtain crystals, and for various other purposes. 

Figr.36. Fig. 36, a Florence flask, furnished with a 

tube, to be used instead of a retort. Students 

will save Considerable expense, by employing 

these flasks in the room of retorts. The 

cork is pierced with a burning iron, and 

through the aperture is passed a tube of glass 

or lead, bent as in the figure. In obtaining 

oxygen, by means of oxide of manganese and 

sulphuric acid, and for many other purposes, 

this itfrangement will serve instead of the best retort, while, 

if broken, the expense is only a few cents. 

Fig. ST. The common blow-pipe, fig, 37 is a little instrument 

~ by means of which the most violent heat of a furnace 

may be produced. It is a pipe of brass, about the 

third of au inch in diameter at the largest end, and 

thence tapering, gradually, to a point, and bent, as in 

the figure. 

To use it, place the curved end in the flame of a 
lamp, or candle, and apply the lips to the other end, 
then blow gentiy and steadily, giving the jet of flame 
a horizontal direction. To keep up a constant stream 
^J^ of air 4&r a length of time, the inspiration must be 
**^*''^ made hy the nortrils, while the cheeks are used as 
bellows. The art of doing this is soon learned by practice. 
The small fragments of ore, or other substance, on which the 
flame is thrown, must be laid qq a piece of charcoal, which is 
held by small forceps. When a very intense heat is required, 
and the fragment is so light as to be blowQ away by the air, 
it may he confined by making a small cavity in the charcoal 
support, into which the substance is put, and another piece 
of charcoal is placed partly over this. 

Of haw maoy parts does the atembic consist? For what piupoeee 

are oTaporating dishes employed i^ What does fig. 36 represent? 

What are the advantages of using Florence flasks instead of retorta?- 

:V(ithat is the comBMm Uow-pipe ? What is tiie use of this iaatrain«iit t 

~ " it. 
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Craka^s Biawpipej fig. 88, ts a much more eon- 
venient form than the ccrmmoa one, above tleseri. 
bed. In the common form, the flame is flometimei 
nearly extinguished, and the process stopped, hj 
the condensed moisture from the breath. la 
Gahn's instrument this is prevented by the cham- 
ber a, which retains the condensed moisture, and 
which may be taken off from the main pipe for its 
removal. The top of the small pipe, through 
which the air passes to the flame, fits to a socket, 
so that tiiose of diflerent sized orifices can be used. 
The dropping tube, fig. 39, is a small glass tube, 
blown into a ball in the middle and ending with a 
fine orifice at the lower end. It is filled by dip- 
ping the small end into the fluid, and exhausting 
the air by sucking at the upper end with the mouth. 
The thumb is then placed on the upper end, which 
keeps the liquid from running out. On raising 
Fig. 39.the thumb, the contents will descend in drops, but is 

instantly restrained on replacing it.. 

This little instrument is highly useful for various 

purposes, and particularly when it is required to intro- 

(j duce oiie fluj[d under another, as water under alcohol, 
'^ or sulphuric acid under water. 

The simpl& arrangement, fig. 40, is designed to coU 
lect and retain for the purpose of temporary 'Cxamina- 
tion, such gases and one lighter than the atmosphere^ 
Fig. 40. and at the same time are absorbable by water. 
These gases, for more thorough examination re- 
quire the aid of a mercurial bath, but most of their 
^ properties may be examined by the apparatus rep- 
resented by the figure. 

The flask a, is to contain the materials for extri- 
cating the gas, and into the mouth of this, there is 
inserted a tube, a foot or more long. The tall bell 
glass b, or a large tube closed at the upper end, is 
ii^verted over this tube as seen in the figure. 

As an example of the use of this apparatus, sup- 
pose we desire to make some experiments on am- 
monia, a gas which is rapidly absorbed by water, 
and specifically lighter than atmospheric air. The 

materials foi* separating this gas, are muriate of ani' 

— — f — ■ — ■ ' ' — ' — — — — 

How does Gahn's blowpipe differ irom the common one ? What ard- 
the peculiar advantages of this blowpipe f Describe tl^e constmction 
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moniay called also sal mnmoniac^ and slacked quitkMime* 
These being separately reduced to powder, equal parts are 
then mixed and introduced into the flask a, and the tube put 
into its place. On application of a gentle heat, the gas will 
be set free in consequence of the combination which takes 
place between the lime and the muriatic acid of the muriate of 
ammonia. The ammonia is thus set at liberty, and being lighter 
than the air, ascends and gradually displaces the air from the 
vessel by and takes its place. Experiments may then be 
made on the ammonia by the introduction of other gases into 
the bell glass in the same manner. 

Fig. 41. Fig 41 is designed as a 

simple illustration of a 
gas apparatus, Themeth- 
od of making experiments 
with the permanently elas- 
tic fluids, such as common 
air, and the gases, and of 
transferring them from 
one vessel to another, 
though sufficiently simple, 
requires some directions for the beginner. The ga^s are 
none of them sufficiently dense, to be retained in vessels 
open to the air for any considerable time ; and some of them 
being lighter than the atmosphere, instantly ascend and are lost 
when the vessels containing them are opened. All the gases^ 
therefore, when open to the air, mix with it more or less rap- 
idly, according to their densities, and thus escape us entirely, 
being diffused in the atmosphere. Hence to retain a gas in 
a state of purity, it must be kept from contact with the atmos- 
phere, and hence also the necessity of first filling the vessel 
with a fluid instead of air, before the gas is introduced, and 
of transferring it under a fluid from one vessel to another. 

The figure represents a wooden vessel, or tub a, with a 
shelf k, A;, fixed a few inches from the brim. When the 
apparatus is to be used the tub is to be filled with water, 

Qf Gahn's blowpipe. What is the shape of the dropping tube ? 
What is the use of this instrument ? Describe the manner of using 
the dropping tube. For what purposes is the dropping tube useful ? 
What is the use of the apparatus repi«sented by fig. 40 ? Describe fig. 
40,«and explain an example of its use. How may ammonia be obtain- 
ed and examined by means of this apparatu«kf What is represented 
by fig. 41 ? Why cannot the gas be poured from one vessel to another, 
Vkd be retained in open vessels like water ? 
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SO im to rise a few inches above the shelf. How when a 
glass jar, or any other vessel, open only at one end, is filled 
with water, by being plunged into the floid, it will retain its 
contents when raised above the fluid, provided its mouth be 
kept under it ; for the water is sustained in the vessel by the 
pressure of the atmosphere, on the same principle that the 
mercury is sustained in the barometer tube, [See barometer^ 
in Natural Philosophy, ] The vessels 6, g, J, represent jars 
filled with water, and inverted on the shelf, their necks pass- 
ing through an aperture in it, so as to preserve their upright 
positions. The vessels e, c, and i, are retorts, with their necks 
inserted into the mouths of the inverted jars. 

Now when common air, or any gas is introduced into the 
mouth of a vessel so inverted, the air will rise to the upper 
part of the vessel, and will displace the water, and occupy its 
place. If a tumbler, or cup, in the state which we usually 
call empty, but which is really full of air, be plunged into 
water with its mouth downwards, very little water will enter 
it, because the admission of the fluid is opposed by the in- 
cluded air ^ but if the mouth of the vessel be turned upwards, 
it immediately fills with water, while the air is displaced, ana 
rises to the surface of the fluid in one or more bubbles. 
Suppose this is done under the mouth of a jar filled with wa- 
ter, the air will ascend as before, but instead of escaping, it 
will be deta^ed in the upper part of the jar. In this man- 
ner, therefore, air may be transferred from one vessel into 
another, by an inverted pouring, and the first portions, in- 
stead of occupying the bottom of the vessels like water, as- 
cend to the top, the air instead of running from a higher 
to a lower vessel, rising from the lower to the higher one. 
This is owing to the pressure of the water on the air, or to 
the lightness of air when compared with water. For the 
same reason, lead being lighter than quicksilver, if a bullet 
of the former be sunk in a vessel of the latter, it will rise to 
the surface. On this principle balloons ascend, the hydrogen 
with which they are charged being 13 times lighter than the 

Explain the reason why a vessel filled with water muy be raised 
above the fluid, provided its mouth be kept under it. When a tumbler 
is forced into the water with its mouth downwards, why does not the 
fluid rise in it ? When air is introduced under a vessel, inverted, and 
filled with water, why does it rise to the highest part of the vessel ? 
How does the rise of a balloon illustrate this principle? 

10 
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Fig. 42. 




Fig. 43. 
a 



atmosphere, the former is forced upward by the pressure of 
the latter. 

A hell glass receiver, fig. 42, is employed in 
making experiments on air, or the gases. It is 
a glass vessel of the shape represented in the 
figure, and of various sizes, from the capacity 
of a pint to that of several gallons. The knob 
at the upper part is the handle by which it is 
moved. It is used for the temporary confine- 
ment of elastic fluids, on which experiments are 
to be made. Large tumblers are good substi- 
tutes for bell glasses. 

A lamp fumacCy fig. 43., is one of 
the most indispensible articles in a 
chemical apparatus. It consists of a 
rod of brass, or iron, about half an 
inch in diameter, and three or four 
feet long, screwed to a foot of the 
same metal, or to a heavy piece 
of wood. On this rod, slide three 
or four metallic sockets, into which, 
are screwed straight arms termina- 
ted with brass or iron rings of dif- 
ferent diameters. The screws cut 
on the ends of the arm» where they 
enter the sockets are all of the same 
size, so that the rings may be chang- 
ed from one socket to another, as 
convenience requires. These rings 
are for the support of retorts, re- 
ceivers, evaporating dishes, &c., as 
represented in the figure, and may be 
moved up or down, or turned aside, 
« and then fixed in their places, by 

means of thumb screws passing through the sockets and act- 
ing on the rod. The lamp by which the heat is given for dis- 
tillation, or other purposes, is also fixed with a thumb screw, 
so that the heat can be regulated by moving it up or down. 
# Specific Gravity. The specific gravity of a body is its re- 

r What does fig. 42, represent ? W hat is the use of the hell glass re- 
ceiver ? Describe the lamp furnace, fig. 43. What are the uses of the 
rings on the ends of the arms? What are the uses of the thumb 
screws with which the sockets and lamp are furnished f What is the 
specific gravity of a body ? 
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lative weight when compared with the same bulk of another 
body. For solids and liquids water is the substance to which 
the weight of other bodies are compared, and for elastic 
fluids, the ^.tmosphere is the standard of comparison. 

When a body weighs twice as much as the same bulk of 
water, it is said to have the specific gravity of 2, and ^ if it 
weighs three, four or five times as much as the same' bulk oi 
water, it has the specific gravity of 3, 4, or 5. Water, 
therefore is the unit, or standard of comparison, and has in 
this respect the specific gravity of 1. 

When a body is weighed in water its weight will be dimin- 
ished by exactly the weight of a quantity of water equal to 
its own bulk, and thus the difference between its weight in 
air and in water being known, its specific gravity is readily 
found. 

44. The most simple itiode of taking the specific gra- 



r^ vity of a solid is by means of NtchoUovCs Portable 
Balance^ reprejsented by fig. 44. The body is a hoi- 
, low cylinder of tinned iron, terminated at each end 
by a cone. From the vertex of the upper cone rises 
the small stem a, of copper or brass, bearing a small 
tin cup. This cup slips on and may be removed when 
the instrument is no tin use. From the point of the 
lower cone is suspended the tin cup e, at the bottom 
of w]^ch is attached a cone of lead so heavy as to 
sink the whole Inscrument tn water nearly to the base 
of the upper cone. Before this babnce is used, it 
is placed in a vessel of water, and the upper cup 
loaded with weights until it sinks so far that a mark 
on the stem at a, coincides exactly with the surface 
of the water. The weights so added are called the htdanee 
weigktsi^d their amount may be marked on the cup as a 
given quantity for future use : suppose this is 900 grains. 

The specific gravity of a solid may then be taken as fol- 
lows. First place it in the upper cup and add weights until 
the mark on the stem coincides with the water ; suppose this 



With what substance are solids and liquids compared to find their 
specific gravities ? Wfiat is the standard of comparison for elastic flu- 
ids ? Suppose a body weighs twice as much as the same bulk of water, 
what is its specific gravity f What does fig. 44 represent ? Describe 
this balance. What preparation is necessary before the balance is 
uMd? What are the balance weights ? After the balance weight is 
Jcnowo, how will you proceed to find the specific gravity of a bo^ ? 
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Iq be 400 grains ; suhstract this from th^ balance weight, mad 
Ve have 500 grains for its weight in air. Then remove the 
subject of experiment, to the lower cup, and the stem will 
rise above the mark, because it weighs less in water thao io 
air ; weights must therefore be placed in the upper cup until 
the mark again coincides with the surface of the water ; sup* 
^ose this to be 100 grains, which will be exactly the weight 
of the water displaced by the mineral or other solid. The 
specific gravity is now found by a very simple rule, namely, 
Divide the weight in air hy the loss in water j and the quo* 
tient wiU be the specific gravity. 

In the present instance we have 500 grains for the weight 
in air, and 100 for the loss in water, therefore 100 : : 50£bs 
5 the specific gravity. 

The most simple method of taking the specific gravity of 
liquids, is by means of a graduated bottle holding 1(K)0 grains 
of water, which is taken as the ^unit or standard for other 
liquids. 

Fig. 45. Take a small bottle with a long narrow neck, as 

A represented by fig. 45, and having weighed it accu- 

I rately, introduce into it exactly 1000 grains of pure 

1 water, and mark the level of the water with a file on 

the neck of the bottle. The bottle thus prepared 

will serve to ascertain the specific gravity of any 

/ \ fluid, for since water is the standard by which the 

i ^\ comparative weights of all other fluids are known^ 

' — ' the same bulk of any other fluid weighed at the 

same temperature, will be its specific gravity. 

Thus, suppose that when the bottle is filled with sulphu- 
ric acid up to the mark at which the water weighed 1000 
grains, it should be found to weigh 1800 grains ; then the 
specific gravity of the acid would be 1800, water being 
1000. If filled to the same mark with alcohol it might weigh 
800 grains. The specific gravity of alcohol would therefore 
be 800, water being 1000. But as it is understood that 
water is the standard of comparison, the specific gravities of 
bodies are expressed merely by the numbers signifying 
their relation to this standard. Thus the specific gravity of 

After finding the w^ght of a body in air, and its weight in water, 
what is the rule for finding its specific gravity f What are the most 
simple means of finding the specific gravity of a liquid ? How does a 
bottle filled with 1000 grains of water, become the standard for other 
liquids f Suppose a given bulk of water weighs 1000 grains, and the 
■amahulk of another fluid weighs 1600 grains, what would be theepe* 
cificfravity of the latter? 
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lead is 111 that is, it is 11 times as heavy as water, bulk* for 
bulk ; while the specific gravity of ether is 750, that is, a 
given bulk of ether will weigh 750 grains, ounces or pounds, 
while the same bulk of water weighs 1000 grains, ounces, or 
pounds. {See spec» grav. in Nat. PhUosdphy,) 

To determine accurately the specific gravity of the gases, 
is an operation of great delicacy, and requires not only very 
nice apparatus, but much experience. The method by 
which it is done is, however, easily explained, and will be 
readily understood. 

We have already said that atmospheric air is the standard 
of comparison for the gases. In the first place therefore^ it 
i^ necessary to ascertain the weight of a given volume of air. 
This is done by weighing very accurately, a light glass ves- 
sel furnished with a good stop cock, when full of air, or in 
its ordinary state. Then having withdrawn the air by 
Q)eeyis of an air pump, and closed the stop-cock, the vessel 
is i^gain weighed, and the difiference will shew the weight^of 
air which the vessel contained. On making this experi- 
ment, it is found that 100 cubic inches of air weigh 30.5 
grains, and by the same method the weight of a given por- 
tion of any elastic fluid may be ascertained. In all these 
experiments, it is understood that the thermometer stands at 
60"" and the barometer at 30°. 

Fiir. 46. 

y^-^ * Suppose, then, that the glass globe a, fig. 46, 

I \j^ ^® ^^ sufficient capacity to contain 100 cubic 

V^ r^ inches of air weighing 30.5 grains, and it is found 

^Y/^ ^^ filling it with oxygen that the same quantity 

Ijjl of this gas weighs 34 grains. Then to find the 

DCJ specific gravity of the latter gas we say, "a* 

nr the weight of the air is to that of the oxygen^ so 

is unity, or the specific gravity of the atmosphere to 

the specific gravity oj oxygen,^^ Thus, 30.5 : 

34 : : 1=1.1147. gives 1.1147 for the specific 

gravity of oxygen gas. 

But since it is inconvenient in practice to 

experiment on just 100 cubic inches of gas, the 

^graduated vessel &, has been invented to show at 

once what quantity of gas in cubic inches is 

weighed in the fflobe a. 

The globe bemg, first exhausted of air, and its 
stop-cock closed, is then connected to the re- 
ceiver 6, containing the gas, and both cocks 

II _ « • 

How is the specific gravity of a gas ascertained ? 

10* 
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beiBg opened, the gas passes fh>m the receiver to the globe. 
The receiver being open at the bottom, and set over water 
or mercury, the rise of the fluid will show the quantity dfgas 
which passes into the globe, and on weighing the globe both 
before and after connecting it with the receiver, the differ* 
ence will show the weight of the air thus transferred. 

NomencUi^re. 

The nomenclature of Chemistry, now universally employ- 
ed, was invented by the French chemists about 1784. ' Be- 
fore that period the names of chemical substa«.jf es were en- 
tirely arbitrary, that is, each substance had an independent 
name, the signification of which, had nothing to do with its 
composition, or oflen gave an erroneous idea concerning it. 
Thus, solution of muriate of lime was called liquid shelly and 
afterwards oil of lime. Liquid ammonia was called bone 
spiriij and sulphuric acid was called oU of vitrioil. It is 
true, at that time the substances known to chemists were few 
in number, when compared with the immense list of the 
present day. But even then, their number was such as to 
make it difficult for the nlemory to retain them, and at the 
same time to remember their origin or composition, when this 
was known. At present, were the substances mentioned in 
any chemical book merely de/signated by arbitrary names, 
or names inexpressive of their composition, the student would 
necessarily spend more time in learning and remembering 
them, than is now required to obtain a knowledge of the 
whole science of Chemistry. The general diffusion of 
chemical knowledge therefore, is in a great measure owing 
to the present nomenclature, — its perfect simplicity, its co- 
piousness of meaning, and the ease with which it is learned 
and retained. 

Each term in this nomenclature designates the composi- 
tion of the compound substance to which it is applied ; and 

W hat is the weight of 100 cubic inches of commpn air ? Suppose it 
is found that 100 cubic inches of oxygen gas weighs 34 grains, how is its 
specific gravity found ? Explain fig. 46, and show the design of each 
yessel and the manner of using them. When was the chemical nomen- 
clature invented, and by whom ? Before this invention how were 
chemical substances designated ? What is said concerning improper 
names before this invention ? At poesent, were the substances known 
to chemists designated only by arbitrary names, what would be the 
consequence to the learner f What effect has this nomenclature had 
on the djfiusion of chemical knowledge? By this nomenclature what 
do the names of the substances designate.' 
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as the simple substances are comparatively few^ the com- 
position of most chemical substances are known only by 
these names. 

The names of/the acids are derived from those of their 
bases, that is, from the names of the substances to which 
oxygen unites in such proportions as to form acids. Thus 
sulphur is the base of sulphuric acid, and carbon is the base 
of carbonic acid. Some of these bases unite with several 
proportions of oxygen, and form acids of different degrees 
of strength. These proportions are designated by the dif- 
ferent terminations of the name of the acid, the smaller 
proportion being signified by oi», and the larger by ie. 
Thus, sulphurous and sulphuric, and nitrous and nitric aoids, 
mean that these acids contain single and double proportions 
of oxygen. The saUsy that is, the compounds which the 
acids form with alkalies, earths and metals, also indicate by 
their names the substances they contain. Thus the salts 
ending in ite consist of a base, united to an acid ending in 
aus ; and a salt ending in ate contains an acid ending in 
ic. Sulphite and phosphite of potash are formed of potash 
and sulphurous and phosphorous acids, while sulphate and 
phosphate of potash denote compounds of sulphunc ai^d 
phosphoric acids, united to the same base. The names of 
all the salts, of which there are nearly 2000, denote their 
composition in the same manner, and thus we know the 
ingredients of their compositions by merely seeing their 
names. The termination uret denotes the union of simple 
non-metallic bodies with a metal, a metallic oxide, or with 
each other. Thus sulphured and carburet of iron indicate a 
combination between sulphur or carbon with iron. As oxy- 
gen combines with several of the metals in different propor- 
tions, but not sufficient in quantity to form acids, the com- 
pounds so formed, though derived from the same metal, differ 
from each other. These compounds are called oxides^ and 
are distinguished from each other by the Greek derivatives, 

- ' ■ m 

From what are the names of the acids derived ? What is the base 
of salphuric acid ? What is the base of carboDic acid ? By what termi- 
nation in the word is a weak acid designated ? By what termination are 
the strong acids indicated ? What are the compounds called which the 
acids form with diiferent bases? If an acid ends in ota, what is the 
termination of the salt of which it composes a part P If the acid ends 
in t^, how d^esthe salt end? How will you know the composition of 
a salt by merely hearing its name ? What does the termination uret 
denote ? What is the composition of a carbure/ of sulphur? What 
are oxides ? 
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pr9if de^ irit and per. Protoxide signifies the first degree 
qf oxidation ; c^etitoxide the second, tritoxide the third, and 
peroxide the highest. In some of the salts it was formerly 
supposed, that the acid prevailed, or that n^ore acid was pre- 
sent than necessary to saturate the alkali, and in others that 
the alkali prevailed. The first of these were called super- 
salts, and the second sub'SdUs, while those in which the acid 
and alkali were in due proportion, were called neutral salts. 
These names are now regulated by the atomic constitution 
of the salt. If it is a compound of one atom of acid and one 
of alkali, the generic name is employed, as carbonate of 
potash. But if two or more atoms of the acid be combined 
to the same base, a numeral is prefixed to indicate its com. 
position in this respect. Thus when the acid is in two pro* 
portions, or there are two atoms of acid to one of potash, it 
is called di-carbonate of potash. The three salts of oxalic 
acid and potash arc called the oxalate, 6tnoxalate, and quad* 
roxolate of potash? the first consisting of one atom of each, 
the second of two atoms of acid to one of potash, and 
the third of four atoms of acid, to one of potash. 



PART II. 

PONDERABLE BODIES. 

Explanations. A ponderable body, is one which has appre- 
ciable weight. 

A simple body is one which has not been decomposed. 
These are called elements, or elementary bodies. 

It is possible that all the substances now called elementary, 
may still be in reality compounds, for our knowledge on this 
subject is entirely negative, that is, all bodies which the art 
of chemistry has been unable to separate into parts, or to de. 
compose, are called simples, in order to distinguish them from 

By what termeare the different oxides denoted? What is a deutoiAde > 
. What is a /ri«oxide? What ia a peroxide ? What is said of super- 
salts and sub-salts ? What are carbonate, and bi-carbonate of potash ? 
What IS a ponderable body ? What is a simple body ? What is the 
difference between a simple and an elementary body ? When do chem- 
ists call a body simple ? 



■^^ 
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known compounds. Before the refinements of chemical 
analysis were knowny it was believed that nature afforded 
ionly four elements, viz. fre^ air, earth and water* Analysis 
has however shown that fire, or heat, is the result of chemical 
union ; that air is a compound of nitrogen and oxygen ; that 
there are many earths, and that water is composed of hydro* 
gen and oxygen. 

The number of simple bodies now enumerated amount to 
about fifty, or perhaps fifly-two. They consist of about ,40 
metals, three, or perhaps four supporters of combustion, viz. 
oxygen, chlorine, and iodine, and probably also bromine, 
and seven non'-metallic combustibles, viz. phosphorus, carbon^ 
hydrogen, sulphur, boron, selenium, and nitrogen. 

Only a few years 'since, potash, soda, and several other 
subsltances, now found to be compounds, were supposed to 
be elementary bodies ; ' and it is highly probable, that many 
substances, now arranged as simple, will soon be found to 
be compounds. 

Before proceeding to describe the properties of the gases^ 
it might be thought necessary to detail more particularly than 
has been done, the modes of confining and transferring them 
from one vessel to another. But it is thought that such direc^ 
tions are better understood by the student, and much more 
readily followed when given in connexion with the particular 
subjects or cases, to which they immediately apply. The 
meUiod, for ipstancCi of transferring the nitrous oxide from 
the retort to the gasometer, and m>m the gasometer to th9 
gas bag, will be best understood if given in connexion with 
an account of the properties of the gas, or immediately afUir 
it. The same, it is thought, may be said of confining and 
transferring the other gases. As several different methods 
are required, depending on the nature of the gas, its absorp* 
tion by water, its specific gravity, and other properties, these 
different modes can be best explained and understood in im- 
mediate connexion with the description of the peculiar pro- 
perties of each gas. 

As ^he doctrine of definite proportions is not only highly • 
interesting as a subject of philosophy, but is also intimately 
edanected with chemistry, both as a science, and a practical 

How many elements were formerly supposed to exist ? What is said 
concerning fire, air, earth and water? How many elements are now 
supposed to exist, and what are they ? What is said of the probability 
that some bodies now arranged as elements will be found to be com- 
pounds f 
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art, we shall attach to the name of each substance at the head 
of sections, its equivalent number, so that the reader may at 
once observe its combining proportion. And it is earnestly 
recommended to the pupil, that he should not only regard 
this subject as one of great importance in a scientific relation, 
but also when viewed in a different light, as one that tends 
directly to impress the mind with the most serious conviction, 
thaft nothing in nature has been left to chance, but that the 
Almighty Creator has left a witness of himself, even in the 
proportions, and arrangement of the atoms of matter. No- 
thing, perhaps, even the liublimest works of nature, are more 
calculated to elicit the wonder and astonishment of a reflect- 
ing mind, than the fact that substances combine with each 
other in exact, and definite quantities, and that these quanti- 
ties or proportions, are the same in relation to the same sub- 
stance throughout the world, and have been so since the cre- 
ation. This discovery may be considered as a new proof, 
directed expressly to the present generation, that the most 
minute works of what we call nature, do indeed bear the most 
indubitable marks of divine agency and design. 

But while the discovery itself is an evidence of the profound 
p^iosophy of the present age, the developement of its prin- 
ciples, by the constant accession of new ideas, is calculated 
rather to tiumble the pride of human knowledge, by as con- 
stant a conviction, that after all our acquirements, we know 
comparatively nothing of the laws and opexatieacr of nature. 
The very fact, that the laws of proportions, now just known 
to man, have existed ever since the creation of matter, and 
have been in perpetual exercise all over the universe, without 
a suspicion of their existence, is of itself a sufficient proof 
of the almost entire ignorance of man even of the phenomena 
of i^ature, and a still stronger proof of his ignorance of her 
laws. And if facts, in themselves so simple, yet so wonder- 
ful, and when once known so obvious, have escaped the ob- 
servation of man for thousands of years, is it not probable 

What is said of the doctrine of definite proportions, in relation to 
philosophy and chemistry? In what other respects is this subject re- 
commended to the particular attention of the pupil f What is said of 
divine agency and design in the minute works of nature ? After all 
human acquirements, how much do we know of the laws and opera- 
tions of nature? What is proved by the fact, that the law of definite 
proportions, though existing ever since the creation of matter, have, 
until lately, remained unknown ? What is said of the probability that 
wonderful phenomena are constantly going on before our eyes ? 
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tliat phenomena are constantly going on before our eyes, 
which, could we understand, would astonish us still mcNre, and 
at the same time afford a still stronger conviction of our ig- 
norance, and want of penetration ? 

These considerations, while they are calculated to humble 
the pride of human intellect, by showing how little we know 
of the laws which govern even the ordinary operations of na- 
ture, ought by the conviction of ignorance, to prove an in- 
centive to constant observation on natural phenomena, and if 
possible, to arrive at the knowledge of their true causes. 

INORGANIC CHEMISTRY. 

NON-MSTALLIO SUBSTANCES. 

Oxygen — 8. 

The name oxygen is derived from two Greek words, and 
signifies the formei*, or generator of acids, because it enters 
into the composition of most acid substances^ and was former- 
ly considered the universal and only acidifying principle in 
nature. 

It was discovered by Dr. Priestley in 1774, and named by 
him dephlogisHcated air. Its specific gravity is 1.11, air 
being 1. It is a non-conductor of electricity, like common 
air. Its electrical state is always negative, and when sud- 
denly and forcibly compressed, as in the fire-pump, already 
described, it emits light and heat. 

Oxygen may be obtained from many substances. The 
peroxides of lead, or manganese, and the nitrate and chlorate 
of potash, all yield it in abundance, when merely exposed to 
a dull red heat. 

The cheapest and most convenient substance for this 
purpose is black, or peroxide of manganese, in the state of 
fine powder. This, when heated in an iron bottle or gun- 
barrel, will yield upwards of 120 cubic inches of the gas to 
an ounce of the oxide. For small experiments, a gun-barrel 
may be used, but where considerable quantities are wanted, 
a wrought iron bottle, with a neck 18 inches long, is the best 
instrument. 

What does the term oxygen signify? Who discovered this gas? 
^hat is the specific gravity of oxygen gas ? What are the substances 
from which it can be obtained ? What is the cheapest and most con- 
venient mode of obtaining it ? How many cubic inches of this gas 
will an ounce of the black oxide of manganese yield ? What are the 
methods described of extricating this gas from manganese ? 
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Fig._47. The shape is represented at fig. 47, with the add»« 
tion of a piece of gun-barre], fitted to the mouth of the 
bottle by gsinding. A tube, leading from the gun- 
barrel to the gas holder, conveys away the oxygen as 
it is extricated from the manganese : or a lead tube 
may be connected with the bottle itself, provided the 
juncture be kept wet with a moistened rag, to prevent 
the lead from melting. In the absence of such a 
bottle, oxygen may be conveniently obtained by mix- 
ing, in a proper vessel, one part sulphuric acid, and 
two parts of the oxide of manganese, and applying 
the heat of a lamp. The cheapest and most conve- 
^nient vessels for this purpose are Florence flasks, 
fitted with corks and tubes, as represented by fig. 96. This, 
and the lamp furnace, fig. 43, together with an inverted ves- 
sel filled with water, constitute the apparatus necessary for 
the extrication and confinement of oxygen. 

With respect to the theory of these processes, it is neces- 
sary to state, that there are three oxides of manganese, each 
of course containing different proportions of oxygen. These 
oxides are thus constituted, the combining proportion of man- 
ganese being 28, and that of oxygen 8, 

Protoxide manganese, 28, added to oxygen, 83=36 
Deutoxide 28, « « 12=40 

Peroxide 28, " « - 16=44 

When the peroxide is exposed to a red heat, it parts with 
half a proportion of oxygen, that is, 4 paits, the number for 
oxygen being 8, and is therefore reduced to a deutoxide, 
whose number it will be observed, is 40. The number for the 
peroxide being 44, and the loss by a red heat being 4, we ob- 
tain 4 grains of oxygen for every 44 grains of the oxide, which 
in bulk is nearly 12 cubic inches, making ^bout 128 cubic, 
inches for each ounce of the oxide. r. 

When oxygen is obtained by means of sulphunc^^ the 
theoretical expression is different. In this case the peroxide 
loses a whole proportion of oxygen, and is thus converted 
into a protoxide, which then combines with the acid, forming 

What apparatus is necessary for obtaining this gwB ftom manganese 
by means of solpharic acid ? How many oxides of mangtmese are 
there, and what are the proportions of oxygen in each f What propor- 




£xplain the chemical ehanget ., ^^, 

take place when the oxygen is obtained by means of sulphuxie acid. 
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a salpiiate of manganese, which remains in the Fetort. By 
this process, therefore, the peroxide yields 8 grains of oxy- 
gen to every 44 grains employed ; but ip practice it is found 
that the first method is the best and cheapest. 

It will be observed, that the weight of oxygen for the deutox. 
ide expressed above is only 12, being a proportion and a half, 
instead of 2 proportions of that element. The oxides of lead and 
iron afford examples of precisely the same kind. These facts 
were at first supposed to afford exceptions to the law of definite 
proportions, or rather to the atomic theory by which the cause 
of definite quantities is explained. But it will be remembered, 
as already stated, that the smallest proportions in which bodies 
have been found to combine by weight, are those by which 
they are represented in numbers. Now the smallest propor- 
tion in which oxygen has hitherto been known to combine, is 
in water, this proportion being as 8 to 1. The number, 
therefore for oxygen is 6. But if it should be hereafter found, 
in the course of analysis, that oxygen unites in half this pro- 
portion, in any instance, then this apparent anomaly will be 
completely explained, for then its union with hydrogen, to 
form water, will be in two proportions, and its union with 
manganese, forming the deutoxide, will be in three propor- 
tions, <&c. The fact, therefore, that oxygen unites in the 
proportion of 12 is not considered a valid objection to the 
universality of the law of definite and muhiple proportions, 
but only a proof that the smallest combining proportion of 
oxygen may not yet have been discovered. 

This digression seemed necessary, in order to ex^^ain, once 
for all, this apparent anomaly. 

Oxygen gas is an invisible, transparent fluid, hke common 
air, and has neither taste nor smell. It is sparingly. absorbed 
by water, 100 cubic inches of which take up three or four 
cubic inches of the gas. 

Oxygen has the most universal afiiuity of any known sub* 

stance, there being not one of the simple substances with 

which it may not be made to combine, k unites with all the 

' metals, forming a very extensive class of compounds*, known 

under the name of oandes. With some of them it combines 

What is said concenung the weight of oxygen for the deutoxide of 
manganese? Why does not the discovery that oxygen sometimes 
combines in the proportion of 12, tend to invalidate the atomic theory? 
What is -said of the taste and smell of oxygen ? In what proportion is 
this gas absorbed by water ? What is said concerning the extensive 
i^ffinity of oxygen ? 

11 
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in such propoitioDS as to form acids. Such is the case with 
arsenic, molybdena, and others. With the simple combusti- 
bles, sulphur, carbon, dz;c. it also combines in various pro- 
portions, forming oxides and acids., With the metals sodi- 
um and potassium it enters into combination to form the alka- 
lies soda and potash. Thus the acids and alkalies, though in 
roost of their properties so entirely opposed to each other, axe 
composed of oxygen united to different bases, the base of 
sulphuric acid being sulphur, and that of potash being pot- 
assium. 

The process of oxidation sometimes takes place very slow- 
ly, as in the rusting of iron exposed to the atmosphere. In 
this case, the affinity of the iron for the oxygen contained in 
the atmosphere, though constantly exerted, produces its ef- 
^fects very gradually, particularly if the iron is kept in a dry 
state ; but the oxidation is greatly facilitated, if the iron is 
moistened with water, since then the metal absorbs oxygen 
from the water. 

In ordinary combustion, which is nothing more than a rapid 
oxidation, with the extrication of heat and light, the strong 
affinity between the combustible and the oxygen is caused 
by the great elevation of temperature. The combustible 
requires, in the first place, to be heated to a certain degree, 
before it will attract oxygen with sufficient force to emit heat 
and light, after which the elevation of its temperature is con- 
tinued by the absorption of oxygen, and thus the combination 
of one portion of oxygen with the burning body causes the 
absorption of another. 

A combustible is any substance, capable of uniting with 
oxygen, or any other supporter of combustion, with such 
rapidity, as to cause the disengagement of heat and light« 
In this sense, iron, steel, and many other bodies, though they 
will not burn in the open air, are strictly combustibles, as they 
conform to the above definition, when heated in oxygen gas. 

In this gas, all combustibles burn with greatly increased 

«■ ... - 

What are the compounds of oxygen and the metals called ? Does it 
ever form acids by combining with the metals ? When combined with 
the metals potassium and sodium, what are formed ^ What is said of 
the. spontaneous oxidation, or rusting of iron f What is ordinary com- 
bustion ? In combilstion what causes the strong affinity between the 
burning body and oxygen ? In kindling a fire, why is it necessary to 
raise the temperature oi the wood in order to make it bum ? What is' 
a combustible body? In what sense are iron, steel, and oth«r metals, 
combustibles? 
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splendor ; i^nd many substances, which before the discovery 
of this gas, could not, in any sense, belong to this class, are 
now strictly combustible. 

The combustion of various substances in oicygen gas af. 
fords experiments of the most brilliant and instructive kind. 

Among these, the combustion of iron, steel, and zinc, are 
highly interesting, not only because we are not in the habit 
of seeing metals burn, but because the first give out the most 
splendid corruscations of light, while the zinc burns with a 
light peculiar to itself. 

To exhibit the combustion of iron or steel, in this gas, 
procure a piece of wire of small size, or what is better, a 
watch spring, and wind it round a slender rod of wood, so 
as to coil it in a spiral form, the turns of the wire being 
about the fourth of an inch apart, l^en withdraw the roc^ 
and fix to the lower end of the coil a small piece of 
thread dipped in melted bees-wax, or sulphur, or what is 
better, a little piece of spunk. The other end of the 
wire, for a few inches, is to be lefl straight, and fixed to 
the cork fitting the mouth of the bottle in which the ex- 
periment is to be made. 

Next fill a clear glass bottle of a quart or mpre capacity 
with oxygen gas, and having set it up right, cover the mouth 
with a plate of glass, or otherwise. Then inflame the com- 
bustible on the end of the wire, and having removed the co- 
ver from the bottle, introduce the coil and fix the cork in its 
place as represented by fig. 47. 

ig.^ . »p|jg ^jyg ^lU ^yj^ ^j^ ^ jjgj^j j^^ ^^-^ f^j. 

eyes to bear, throwing out the most brilliant 
corruscations in every direction. Now and 
then a globule of melted metal will fall, and if 
'the vessel contains water, it will leap on its 
surface for an instant or two, being thrown up 
^by the steam into which it converts the fluid, 
ilf the vessel contains no water, the intense heat 
> of the globule will cause it to melt the glass and 
sink into its substance, and if the glass be thin, 

it will fuse a path quite through it, without causing the least 

fracture. 

What is said of the brilliancy of the combustion of some of the met- 
als f How is the iron wire prepared for combustion in oxygen gas ? 
Describe fig. 47. What causes Uie globules of melted iron to leap 
on the surface of the water ? What is said of the action of the glob- 
ales Ifiietal CD the glass f 





120 OXTOEN, 

To witnestthecombustioD of ziAc in oxygen, first prepare 
the metal by melting, and pouring it while fluid into water. 
Then place some thin pieces in a spoon prepared yyith a 
cork on its handle, as represented by fig. 48, and put in the 
Fi£r. 48. midst of the zinc a small piece of phosphorus. Hav. 
ing a bottle of the gas prepared as in the last experi- 
ment, inflame the phosphorus by holding the spoon 
over a lamp, and instantly introduce it ioto the bat- 
tle, fixing the cork in its place. The metal will bum 
with a beautiful white light, oflen tinged with green, 
owing to a small quantity of copper which it con- 
tains. 

If a lighted candle be blown out, and then plunged 
into a vessel of this gas, while a spark of fire remain^ 
in the wick, it will be relighted with a slight explosion. 

The best way of making this experiment is to place a 

short piece of candle in a socket, fixed to a wire as in fig. 

49. In this manner a candle may be blown out and again 

Tig. 49. set on fire by dipping it .into a bottle of oxygen, 

P twenty or thirty times, and perhaps ofiener. 

During combustion in oxygen gas, the oxygen 
combines with the burning body and produces re- 
markable changes, not only on the combustible, but 
also on the gas. The combustible on examination, 
is found to have i^nsibl/ increased in weight by the 
k combination, while the oxygen entirely loses the 
j| power of again supporting combustion, so that if a 

I lighted candle be plunged into it, instead of burning 

with splendor as before, it; is now instantly extinguished. 

These changes are readily explained by the analysis of 
the body burned, and of the gas. The iron loses its brillian- 
cy, and is converted into a dark brittle substance easily pul- 
verized in a mortar. This is an oxide of iron, and consists 
of the iron itself united to the ponderable portion of the gas. 
If the iron is weighed before the combustion, and after- 
wards, it will be found to have increased in weight in the 
proportion of 8 parts to the 108( / 7 

Describe the method of preparing and burning zinc in oxygen gas. 
What is the effect when a candle is blown out, and then instant! j 
plunged into the gasf What effect does combustion produce on oxy- 
gen gas ? What change is produced on the iron burned in it ? Why 
does the oxide of iron weigh more than the metal before it tsas'^am- 
ed ? Suppose the iron and oxygen are both accurately weighed before 
and after the experiment, what effect on their weights will bMvodu* 
ced by the combustion f 
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The gas <hi the contrary loses in weight what is gained by 
the iron, and if the vessel in which the experiment is made, 
be open at the bottom and stands in a dish of water, the 
diminution of the gas in volume will be indicated by the rise 
of the water in the vessel. If tl\e gas and iron are both ac- 
curately weighed before the experiment and afterwards, the 
sum of their weights will be found precisely the same, proving 
that nothing has escaped, and that what has been lost by the 
oxygen has been gained by the iron. When other combusti- 
bles are submitted to the action of this gas though they may 
entirely change their appearance by the process, or seem to 
be dissipated and gone, yet nothing is lost by the burning, 
there being in all such instances merely a change of form. 
fThus when charcoal or diamond is burned in a confined por- 
tion of this gas, instead of losing as in the former experiment, 
the gas increases in weight, that is, it is converted into car- 
honie add gasy by a union between the oxygen of the gas, 
and the carbon of the diamond or charcoal, so that what is 
lost by the charcoal is gained by the gas. 

In every instance, the gaseous matter which remains in 
the vessel afler combustion, is unfit to support animal life. 
If a bird or any other animal be confined in a limited portion 
of atmospheric air, it* soon dies, because it destroys the oxy- 
gen the air contains by converting it into carbonic acid, thus 
ieavii^ another portion of the atmosphere called nitrogen 
both of which are destructive to life. 

If a bird be confined in a portion of oxygen, it will live 
longer than in the same quantity of atmospheric air, because 
it is the oxygen alone which supports the respiration, but it 
dies when the oxygen is consumed, or converted into car- 
bonic acid. But if any animal be introduced into a portion 
of air afler its oxygen has been destroyed, or absorbed by a 
burning body, it dies in a few seconds, unless like the frog it 
has the power of suspending its respiration. 

Finally, it is proper to remember, that no animal can live 
m an atmosphere which tnU not support combustion, nor wUl 

Is any thing lost by combustion f When charcoal is burned in a 
confined portion of oxygen gas, what efiect is produced on each ? Into 
what gas is the oxygen converted by the process P Will the gas left 
•after combustion ever sustain animal life? Why will a bird or 
any other animal soon die when confined in a limited portion of com- 
moiuir ^ Why will an aningMve longer in oxygen gas, than in the 
irt ion of common airfv^Will any animal live in air which will 
not I^Hct combustion f 
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fiame he swpiporiedjor any considertMe timey in w^ wMch is 
unfit for respiration. 

Were these facts more generally known and remembered^ 
we should not every year hear of instances where lives are 
lost by descending into old^ wells or cisterns. The cause of 
such accidents is the presence of carbonic acid, or nitrogen 
in the bottoms of such cavities, and were the precaution 
taken to let down a burning candle, before the descent of the 
person, all danger might be avoided, for if the flame is ex- 
tinguished, the air will not support animal life. 

Hydrogen. — J. 

The name of this gas, is derived from two Greek words 
signifying the generator of- water^ because it enters largely 
into the composition of thc^t fluid. 

It was discovered by Mr. Cavendish in 1766. Its specific 
gravity is 0.694, air being 1. — 100 cubic inches weigh 2.11 
grains, while the same bulk of air weighs 30.5 grains, it is 
therefore about 14 times lighter than atmospheric air. Com- 
pared with oxygen, it is just 16 times lighter than that gas ; 
being indeed the lightest of all known ponderable bodies. 
It refracts light more powerfully than any other body, its 
refraction being in the ratio of 6.6. air being 1. Its elec- 
tricity is positive. 

Hydrogen may be obtained by several processes, but in 
no instance without the presence of water, it being evolved 
only by the decomposition of that fluid. 

The most convenient method is to put fragments of iron 
or zinc into a proper vessel, and pour on them two parts by 
weight of sulphuric acid, diluted with 5 or 6 parts of water. 
The hydrogen will immediately ascend through the water in 
abundance, and may be collected under a bell glass, or any 
other vessel inverted and filled with water. 

Will air which is unfit for respiration support combustion ? What 
precaution ought always to be taken, before a person goes into 
a well or old cistern ? What is the derivation of the word hydrogen ? 
What is the weight of IGO cubic inches of this gas? What is its 
weight when compared with air? How much lighter is hydrogen 
than oxygen f What substance is lighter than hydrogen gas ? What 
is said of its power to refract light ? What is the electrical state of this 
gas? Can this gas be obtained without the presence of water ? Why ? 
What is the best method of obtawin||^^ gas ? 
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Where only small quantitiea of 
;w are wanted, the simple ap> 
.CiS represented at fig. 50, it 
at is required. It conaista of 
iTence flask into which the zinc 
icid are put, with a tube lead, 
under a bell glass, or large 
iler filled with water, and in- 
id in a dish of the same fluid. 
Zinc for this purpose is better than iron, and is easily pre- 
pared by melting, and white fluid, pouring it into water. 

The production of the hydrogen depends on the decompo- 
sition of the water which is effected by the united action of 
the metal and acid. The metal having an attraction for oxj'- 
gon, obtains it from tbe water ; this forms an oxide of the 
metal which is instantly dissolved by the acid ; the surface of 
the metal is thus left clean, and exposed to the water, from 
which it attracts another portion of osygen, which is dissolv- 
ed as before. Meanwhile the hydrogen being thus detached 
from the oxygen, absorbs caloric, and ia evolved in the form 
of hydrogen gas. 

Hydrogen may also be obtained by paesing the vapor of 
water through a hot iron tube. In this case, the oxygen of 
the water combines with the iron, while the hydrogen is set 

Place a gun barrel across a furnace so as to heat it red hot. 
Connect toone end of the barrel, by means of a tube, a re- 
tort, containing water, and placed over an Argand lamp ; and 
to the other end of the barrel fix a tube, leading under a ves- 
sel of water, inverted in a water bath. Then make the wa- . 
ter in the retort boil, so that it« steam may pass into the gun 
barrel, and hydrogen will be evolved, and will pass into the 
inverted vessel. 

Hydrogen, when obtained by either of these methods is not . 
quite pure, but contains a little sulphur or carbon. For par- 
ticular purposes it may be purified by passing it through a so- 
lution of pure potash in water. 

In this state hydrogen is without colour, taste, or smell. It 



On what does the piaductiim of hydrogen depend ? Eiplajn th* 
<^iiiMij)l changea wbicb take fi/tp doriag the production of thii gta. 
fijnkt.otnec methad mny tnRu be obtained ! How does the ted 
"■-■ ^ ' ' lethe iffiSor? lebj ' ' 



tzzel decompose tbe #litor f h bjdrogen & campouud, or u 

J body ? 
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is, so far as is known an elementary body, having resisted aU 
attempts to resolve it into more simple parts. 

It is inflammable, bat not a supporter of combustion. If a 
lighted candle be introduced into a vessel of this gas, it is in- 
stantly extinguished, but in passing into the gas, it inflames 
that portion which is in contact with the atmosphere. This 
shows that the combustion of hydrogen requires the aid of 
oxygen which it absorbs from the atmosphere as a supporter. 

This experiment may be made by inverting the vessel con. 
taining the hydrogen in the open air, its levity preventing it 
from escaping downwards. In this state it will be seen to 
burn only on the lower surface. But if the vessel containing 
it be turned upright, the whole will escape in a volume of 
flame. 

Hydrogen is the gas with which balloons are charged, and 
being about fourteen times ligher than common air, if the bal- 
loon is large, it ascends with great force. The principle on 
which balloons ascend, is the difference of specific gravity 
between the balloon as a whole, consisting of hydrogen, and 
the apparatus containing it, and the same bulk of atmospher- 
ic air. It is the same principle that makes a cork rise through 
water, or a leaden bullet through quicksilver. 

The principle of balloons may illustrated thus. Fill a 
bladder, or a gas bag, furnished with a stopcock with hydro- 
gen gas ; attach to the stopcock a tobacco pipe, or what if 
better, one of metal. Then dip the bowl of the pipe into a 
solution of soap, and form bubbles by pressing the bladder. 
These bubbles, being detached from the pipe, will rise rapid- 
ly through the air. 

When hydrogen is mixed with oxygen and inflamed, the 
mixture detonates violently. The best proportions are two 
of the hydrogen and one of oxygen by volume. If soap 
bubbles of this mixture are touched with a candle when float- 
ing in the air, they give a report as loud as a pistol, but much 
mereabarp and stunning. 

A loud report is also given when the hydrogen is mixed 

When a lighted candle is plung^ed into this gas, does it continue to 
burn, or is it extinguished f As the candle passes into the gas, what 
part of it is set on lire? How is this experiment best made? Why 
does the hydrogen bum only on the surface ? With what gas are bal- 
loons filled ? On what principle do balloons ascend ? How may the 
principle of balloons be illustrated ? Vkit is the conseque^ice ^filing 
a mixture of hydrogen and oxygen? ^^ni proportions of rtflytpifllrif 
the kmdest report ? 
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with common air, instead of oxygen. The best proportiotts 
are about three of the air to one of hydrogen. 
Fig. 51. This experiment may be varied by means of the 
hydrogen gun, fig. 51. It consists of a tin vessel, 
holding about a pint, the lower end being closed, and 
the upper end left open and fitted with a coik, a 
small orifice being made towards the lower end, as 
I seen in the figure. 

Having filled this vessel about one third with water, 
'close (he small orifice with the thumb, and let in hy- 
drogen until the water is displaced. Thus the vessel 
will contain three parts of air, and one of hydrogen, 
/rhe^ork being put rather loosely in in its place, the mix- 
ture is fired by raising the thumb and applying a lighted ta^ 
per to the orifice. The cork will be driven out with violence, 
attended by a loud report. 

When a jet of hydrogen is burned at the end of a tube 

with a fine bore, and within a larger tube of glass, porcelain, 

or metal, musical tones are produced, which are grave or 

acute in proportion to the size, or kind of tube employed. 

Fig. 52. »rjjjg pleasing experiment may be performed by 

placing the materials for making hydrogen, in a 

convenient vessel, furnished with a tube as in fig. 

52. Or the tube may be connected with a reservoir 

of gas already collected. The manner of holding 

the large tube to produce the musical tones is shown 

in the figure. 

Hydrogen cannot be breathed without deleterious 
efifects, though it is not immediately fatal to animal 
life. 

The action of platinum sponge, on hydrogen is 
singular, and highly curious. When a jet of the 
gas is directed on a few grains of the sponge, both 
being cold, and in the open air, the latter immediately be- 
comes hot, and in a moment glows with a red heat, setting 
fire to the hydrogen. 
Platinum sponge is prepared by dissolving the metal in 

What are the best proportions for miicing hydrogen and air for the 
same purpose ? Describe the method of using the hydrogen gun, fig. 
51 ? How are musical tones produced by the burning of hydrogen ? 
Explain fig. 52. Is hydrogen a respirable gas ? What effects does it 
produce when breathed ^ What phenomena are produced when hy- 
drogea u thrown in a stream upon platina sponge? How is platina 
iponge prepared ? 
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nUro»muriaiie acid, that is, a mixture of 1 part of nitric, to 2 
parts of muriatio acid. Ammonia, or muriate of ammonia is 
added to this solution, which produces a yellow precipitate. 
When this precipitate is exposed to a red heat in a crucible, 
the acids, and ammonia are driven off, and there remains pure 
platinum in the form of a delicate spongy mass. Another 
method of obtaining the sponge, is, to throw the yellow pre- 
cipitate on filtering paper, and when the liquid has passed 
through, to dry the paper, and introduce it with the adhering 
precipitate into the crucible. 

This curious effect of the action between platina sponge 
and hydrogen, was discovered by Professor Dobereiner, of 
Jena, who invented the following method of producing an in- 
stantaneous light by its means. 

^^&" ^' The two vessels a and 6, fig. 

53, are of glass, a is pro- 
longed in the form of a tube, 
and is fitted to the mouth of h, 
by grinding, or cement, so as to 
be air tight. The lower part 
tr p l "i of a, reaches nearly to the bot- 
"^ LI tom of ft, and is encompassed 
with a strip of zinc. Sulphuric 
acid, diluted with five or six 
parts of water, being placed 
in hj a is fixed in its place, as 
seen in the figure. Hydrogen 
is evolved by the action of the 
acid on the zinc, and pressing 
upon the fluid, (which must 




^ 
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fill only about one half of h^ 
\e stopper of a, is conical, ana 



drives it up the tube into a. The stoppei 
rises to let the air from that vessel escape. When so much 
gas has been evolved as to press most of the acid up into a, 
and consequently to remove it from the zinc, the chemical 
process will cease, leaving h nearly filled with hydrogen. 
The brass tube d is cemented to the neck c, and furnished 
with a stop cock. The box e contains the platina sponge at 
the end of the tube. 

When a light is wanted, nothing more is necessary than to 

Explain fig. 53, and show how the hydrog^en is produced, and in 
whtft manner it U thrown upon the sponge. Why does not the acid 
constantly act upoA the zinc ^ 
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open the stop cook and let a jet of the gas blow upon the 
sponge, which becoming immediately red hot, a match, and 
then a candle may be lighted. By permitting the hydrogen 
to escape, the acid again comes in contact with the zinc, and 
thus another portion of the gas is formed, and retained until 
wanted. 

Water— 9. 

1 p. Oxygen 8+1 p. Hydrogen 1. 

• 

It is only necessary to remark in respect to the above ab- 
breviations, that the number for water, as already explained is 
9, being composed of 1 proportion of oxygen 8, and 1 propor- 
tion o( hydrogen 1. The same method being observed with 
respect to the other substances to be described, the student 
has only to notice the numbers affixed to the names of each 
substance, and he at once becomes acquainted with the pro- 
portions and composition of each compound, and the number 
by which the compound itself is represented This method, 
it is thought will not only be found highly convenient, but 
will also greatly facilitate the acquirement of a proper know- 
ledge of chemical equivalents, a subject, as formerly remark- 
ed, of great importance to the student in the present state of 
the science. 

It has been stated that water, by analysis, is composed of 
two parts of hydrogen, and one of oxygen, by volume, and 1 
part hydrogen, and 8 oxygen, by weight. 

Having described the properties of these two gases sepa- 
rately, it now remains to demonstrate by syrUhesiSy that is, by 
the combina^tion of these gases, that water is the product. 

It may be, seen by a very simple experiment, that when 
hydrogen is burned, water is formed. 

• i • • • • -~ — 

WhiBn one portion of the gas encapes, in what manner is another por^ 
tion generated ? What is signified by the numbers affixed to water, 
oxygen and hydrogen ? With what does the student become acquaint- 
ed by observing the numbers affixed to names of the elements, and of 
their compounds f By analysis, what is the composition of water, by 
weight and measure ? By what simple experiment may it be shown 
that when hydrogen is burned, water is fontfed f 
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Pig. 54. Fin with hyrdrogen ablad* 

der, furnished with a stop 
cock, and small tuhe. In- 
flame the hydrogen at the 
end of the tuhe, and intro« 
duce the flame into a dry 
glass globe with two open- 
ings, as represented at fig. 
54. As the gas bums, the rarified and vitiated air will pass 
off at one of the openings while the othet admits fresh air to 
support the combustion. In a few minutes the inside of the 
globe will be covered with moisture, and by continuing the 
experiment, water will run down its sides, which maybe 
tasted or otherwise examined. The same experiment may 
be made with a large glass tube instead of a globe. la this 
experiment it is supposed thai the combustion of the hydro, 
gen is supported by the oxygen of the atmosphere, and there- 
fore nothing can be known of the proportions in which they 
unite. Nor would it be absolutely certain by this experiment 
that it was the oxygen, of the atmosphere which combined 
with the hydrogen and supported its cotnbustion. 

But when the two gases are confined, eiach in a separate 
gasometer, and burned together in an exhausted vessel, the 
result will not only demonstrate to the senses that water is the 
product, but will also show the exact proportions of each ele. 
ment by weight and measure. 

For this purpose two graduated gazometers contain the two 
gases, each being furnished with a tube, leading to the glass 
globe, fig. 55. 

Before the experiment begins, this 
globe is connected with an air pump 
by the screw c, and ijompletely ex- 
hausted of ahr, and then accurately 
weighed. It is then connected with 
the two gazometers which contain the 
gases by the pipes d and e. When eve- 
ry thing is thus prepared, the stop cock 
(2, is opened and a small stream of 
y hydrogen let in, which is instantly in- 

Is it absolutely certain by this experiment, that it is the oxygen of 
the atmosphere which unites with the hydrogen to form water ? How 
may it be demonstrated that the combustion of hydrogen and oxygen 
form water? Describe the apparatus represented by fig. 55, and ex- 
plain bow the two gases are brought together, and how inflamed i 
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Ramed by an electrical spark from the conductor a, this being 
of coarse connected with an electrical machine. The oxygen 
is then admitted by turning the stop cock e, and thus the com- 
bastion of the hydrogen is supported. 

At the end of the process, the graduated gasometers show 
exactly the volume of each gas consumed, and as the ^weight of 
1^0 cubic inches of these gases are known, it is easy to com- 
pute the weight of the volumes consumed, and by weighing 
the globe to compare it with the weight of water produced. 

By such experiments made with every attention to accura- 
cy, together with that before described, of weighing the gases 
by means of exhausted vessels, fig. 45, it is proved, that hy- 
drogen and oxygen unite in the proportions of two of the 
first, to one of the last by volume ; and in the proportions of 
1 and 8 by weight ; that the sole product of the combustion 
of the two gases is water, and that the weight of the water, 
is just equal to the combined weights of the two gases. In 
this manner has the constitution of water been demonstrated 
beyond all donbt or controversy. 

Compound Blowpipe. When hydrogen and oxygen are 
burned together, in the proportions in which they form water, 
a most intense heat is produced. 

The compound blowpipe, the instrument by means of 
which the combustion of the two gases is regulated for this 
purpose^ was invented by professor Hare, of Philadelphia, 
in 1601. 

The apparatus consists of two pipes, which convey the 
gases from two gas-holders to another short pipe, at the end 
of which their combustion takes place. 



Fig. 56. 
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i 



i 



The principle of the com- 
pound blowpipe will be under- 
stood by fig. 66. The two 
brass pipes c and <£, are con- 
nected with the gas holders a 
and by by coupling screws, 
which fix their lower ends to 
short tubes fariiished with stop 
cocks, as seen in the figure. 
These stop-cocks are for the 
convenience of confining the 
gas in the gas holders, when 
the blowpipe is not in use, and 
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for other purposes connected with the pneumatic eistern. 
The two upper stop-cocks are designed to regulate the quan- 
tity of gas from each pipe, so as to produce the greatest heat, 
and also to stop it entirely while making experiments. 

The gas holders a and 5, are two hoxes of painted tin, open 
at the bottom, and made to fit a cistern of wood, about five 
feet long, containing water. These boxes are fixed in their 
places at each end of the cistern by buttons, so that they can- 
not rise when filled with gas. They may be two and a half, 
or three feet deep, and two feet wide, or of any other size, 
according to the extent of the experiments proposed. The 
cistern must be several inches deeper than the boxes, so that 
the water will rise above them. 

The two pipes convey the two gases separately to the point 
e, where they are soldered together, and on'their united points 
is screwed a platina or silver tip, having a single orifice, at 
the end of Which their combustion is effected. If the tip is 
of silver, it should be large, and care tuken not to include it 
in the cavity of the charcoal support, while making experi- 
ments, otherwise it will be melted. 

Having such an apparatus ready, the gas holders are put 
in their places, (the blowpipe being removed, until every 
thing is prepared for experiment,) and water is poured into 
the ci$;tern, the stop cocks being open for the escape of the air. 
When the cistern and boxes are full of water, the stop-cocks 
are closed, the blowpipe screwed on, and the two gases are 
conveyed under the boxes by tubes, coming from the vessels 
where the gases are evolved. One of the boxes being filled 
with hydrogen and the other with oxygen, the blowpipe is set 
in action by turning the stop-cock connected with the hydrn- 
gea, and setting th^ gas on fire as it issues from the tip. The 
. oxygen is then admitted, when the fiame of the hydrogen 
will become less, being reduced to a small blue fiame, which 
gives little light, and to the eye appears msignificant, and 

At the end of the process, how is it ascertained what proportion of 
eaclirS^Bl^^heen consumed, and how much water formed? What 
has been proved by such experiments in respect to the qnantitios and 
proportions of the gases consumed, and the quantity of water formed ? 
What is said of the intense heat produced by the combustion of hydro- 
gen and oxygen ? Wha^ is the instrument called by which the com- 
bustion of the two gases is regulated for this jiurpose ^ Explain fig. 
56, and show the uses ofthe two tubes, the st^p-eocks, and the platina 
'tip, ftc. In filUng ^e cistern, why are the stop-oocks left open ? What 
is said of the nuUness of the flame, and the intensdy heatmg power of 
this blowpipe ? 
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toUtHy incapable of the calorific effects attributed to this cele« 
brated machine. But the student who had never witnessed 
its powers, will be struck with astonishment, when he finds 
that a piece of iron, or copper wire, held in this little flame, 
burns with nearly the same facility, that a cotton thread con« 
sumes in a candle ; and that a piece of tobacco pipe not 
larger than a kernel of com, will give a light, from which 
he will instantly be forced to cover his eyes. 

The compound blowpipe melts the most refractory substan- 
ces, and even dissipates in vapor those which are infusible by 
the best furnaces. No means hitherto discovered, with the 
exception of the galvanic battery, produce calorific effects so 
intense as this blowpipe. 

Fig. 67. The pneumatic cistern 

-^^^^ above described is represent- 

^ "^ ^ ed at fig. 57, with the blow- 

pipe in its place. For schools 
or private experiments, per- 
haps this is as cheap and 
convenient a form as can be 
JLconstructed ; since it serves 
the purpose of gasometers for 
the blowpipe, and a cistern for experiments on all the gases 
where a water bath is employed. It is believed, after having 
•had occasion to direct the construction of several cisterns for 
the above named purposes, that the following dimensions are 
8ufi[icient. Length of the cistern, 5^ feet ; depth, 2| or 3 
feet ; width, two feet ; gas-holders or boxes, 2 feet square. 
The cistern to be made of pine boards, and well painted on 
both sides before it is used. The frame and legs on which it 
stands, must be separate from the cistern, about 18 inches 
high, and furnished with rollers. Such an apparatus, inclu- 
ding the blowpipe and boxes, costs about 14 dollars. 

Properties of Water, 

It is unnecessary to describe the common properties of a 
fluid which is so universally known, that neither man nor 
animals can exist without it. The purest water, not having 
undergone distillation, is that which falls from the clouds. 
It is transparent, and without either taste or smell ; and being 

Is there any means of producing a more intense heat than that pro- 
duced by the compound blowpipe f Explain fig. 57. AYhat water is 
purest without distillation ? 
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perfectly bland and neutral, it is to all animalsy whose tastes 
have not been vitiated, the most agreeable of drinks. 

The weight of water, as already shown, is the standard by 
which the weight or gravities of all solids and liquids are esti- 
minted. The weight of a cubic foot of pure water is 1000 
avoirdupois ounces. A cubic inch of this fluid weighs, at the 
temperature of 60°, 252.52 grains, and consists of 28.06 
graids of hydrogen, and 224.46 grains of oxygen. By divi- 
ding 224.46 by 28.06, it may be seen how nearly these gases 
unite in the proportions of 1 and 8 to form water. The weight 
of water, when compared with that of air, is as 828 to 1 . The 
effect of temperature upon liquid water is distinguished by a 
peculiarity of a very striking kind, and exhibits a departure 
from the general laws of nature, for a purpose so obviously 
wise and beneficent, as to afibrd one of the strongest and most 
impressive of those endless proofs of design and omniscience 
in the frame of creation, which it is the most exalted pleasure 
of the chemist, no less than of the naturalist, to trace and ad* 
mire. '^ All liquids, except water, contract in volume, as they 
cool down to their points of congelation ; but the point of the 
greatest density in water is about 40°, its freezing point being 
32°." As its temperature deviates from this point, either up* 
wards or downwards, its density diminishes ; or in other 
words, its volume increases. This peculiar law is of much 

freater importance in the economy of nature than might at 
rst be supposed. The cold air which rushes from the polar 
regions progressively abstracts the heat from the great natural 
basins of water, or lakes, till the whole mass is reduced to 
40° ; but at this point, by a wise Providence, the influence of 
the atmosphere no longer has this effect ; for the superficial 
stratum, by further cooling, becomes specifically lighter, and 
instead of sinking to the bottom, as before, and displacing the 
warmer water, it now remains at the surface, becomes con- 
verted into a cake of ice, and thus preserves the water under 
it from the influence of further cold. 

To what animals is water the most agreeable of all drinks ? Wha^ 
is the weigfht of a cabic foot of pare water? What is the weight of a 
cubic inch of water f How may it be proved that the weights of hy- 
drogen and oxygen in water are in the proportions of 1 to 8f What is 
the weight of water when compared to that of air? At what tempera- 
ture is water at its greatest density ? When water is above or below 
the temperature of 40 degrees, how is its bulk affected ? In what re* 
spect is the expansion of water in freezing, of great conscqueace la 
man ? 
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If like mercury, water continued 4o increase in density to 
its freezing point, the cold air would continue to rob the mass 
of water of its heat, until the whole sunk to 32°, when it would 
immediately congeal into a solid mass of ice to the bottom, 
and thus every living animal it contained, would perish. In 
the northern, or southern temperate zones, such masses of ice 
would never again be liquefied ; a striking proof of the bene- 
ficence and design of the Creator in forming water with such 
an exception to the ordinary laws of nature. 

Water, in its natural state, always contains a quantity of 
air. This may be shown by placing it under the receiver of 
an air pump, for as the air is removed from the receiver, bub* 
bles will be seen to rise from the water. The air in water is 
found to contain a larger proportion of oxygen than the com- 
mon air of the atmosphere. The lives of ail such fishes as live 
entirely under the water, depend on the quantity of oxygen 
it contains, for no animal can live and move where oxygen 
does not exist. 

Oxygemxed Water — 17. 
2 p. Oxygen 16+1 p. Hydrogen, 1. 

Water, in the scientific language of chemistry, is the 
protoxide of hydrogen ; being composed of hydrogen, with 
one proportion of oxygen. [See nomendalure.^ It was sup. 
posed that hydrogen was incapable of a further degree of 
oxygenation, until 1818, when Thenard, a French chemist, 
showed, that by a certain intricate process, hydrogen could 
be made to combine with another dose of oxygen, and thus 
a new compound was formed, called deutoscide of hydrogen. 

This compound is formed in precise accordance to the law 
of definite and multiple proportions, and consists of 2 propor- 
tions of oxygen and 1 of hydrogen, as stated at the head of 
this section. It is a highly curious and interesting compound. 
In some of its properties, it exactly resembles water, being 
inodorous and colourless ; but in others, it is remarkably diOer- 
eht. It is corrosive to the skin, which it turns white, and to 

If water, like mercury, had its density increased by cold to 32 de- 
grees, what would be the consequence, on Iftrge bodies of this fluid ? 
What is said of the beneficence and design of lorming water with this 
exception to the ordinary laws of nature ? How is it i£owM U^at water 
always contains air? How does the air in water differ from common 
urT What is the scientific name of water P What is deatoxide of 
hydrogen ^ What are the properties of oxygenized water ? How does 
this compound differ &om common water ? 

12* 
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the tongue it ia sharp and biting, and leaves a peculiar me« 
tallic taste in the mouth. 

At the temperature of 58^, it is decomposed, oxygen gas' 
being evolved in abundance. It is therefore necessary, in 
the summer season, to keep it surrounded with ice. It is also 
decomposed and turned into common water by nearly all the 
metals, and most rapidly by those which have the strongest 
attraction for oxygen. Some of the metallic oxides pro£ice 
the same effect, without passing into a higher degree of oxi« 
dation, a fact which has not been satisfactorily explained. 
The metals, silver and platinum, in a state of fine division, de- 
compose this water when thrown into it, with such energy as 
to produce explosions. The same effect is produced by the 
oxides of silver, gold, mercury, manganese, and several other 
metals. 

Nitrogen — 14. 

This gas was formerly called azote, which signifies life 
destroyer, because no animal can live when conlned in it. 
But the same epithet might be applied to several other gases, 
with equal propriety, and therefore being the basis of nitric 
acid, it is more properly called nitrogen. As the atmosphere is 
composed of four-fiflhs of nitrogen, this gas y av.^. o^^tained 
by placing a mixture of iron filings andnw^^ ijLafe a et d^ a little 
moistened, in a confined portion of air, as under a bell glass, 
over water. The mixture will absorb the oxygen from the 
^ir, and leave the nitrogen nearly pure. It may also be ob. 
tained by burning a piece x>f phosphorus in a vessel of air, ^ 
inverted over water. The phosphorus forms phosphoric acid 
with the oxygen of tl)e air, which acid is absorbed by the 
water, thus leaving the nitrogen remaining in the vessel. 

Nitrogen is transparent, and without taste or smell, like 
common air. It is arranged as a simple body, though there 
are reasons for believing that it is a compound. 

It is destructive to animal life, and is a non-supporter of 
combustion. A lighted candle plunged into it, is instantly 
extinguished, and any animal soon dies when confined in it. 



At what temperature is this compound decomposed ? Why do the 
melais decompose this kind of water ; And wh«t do they absorb from 
it f What was the former name of nitrogen ** W hat does azote signi- 
fy P . Why is it now called nitro^n ? How may nitrogen be obtained ? 
How is this gas obtained by means of iron filings and sulphur ? How 
is nitrogen obtained by means of phosphonis ? What are the proper* 
ties of Uiis gas ? 
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Tct it exerts no injurious influence on the lungs^ the priTitbn 
of oxygen being the sole cause of death. 

Its speci^e gravity is a little less than that of atmospheric 
air, nitrogen being 0,9722, air being 1000. One liundred 
cubic inches weigh 29.7 grains. 

When combined with oxygen in certain proportions it forms 
nitric acid. Nitrogen exists in all animal substances, and in 
such plants as putrify with an animal odor, a* cabbiige and 



The Atmo$phere, 
The air which we breathe i» composed of 20 parts of ox- 
ygen and 80 parts of nitrogen to every 100 by volume* 

These proportions are found never to vary, except from 
local causes. Gay Lussac, in an aerial voyage, carried with 
him an exhausted bottle, closely corited, and when at the 
height of nearly 22,000 feet from the earthy he uncorked his 
bottle, and let in the air. It was then closely corked again, 
and brought to the earth* On examination this air was 
found to contain precisely the same proportions of the two 
elements as that taken from the surface of the earth. Speci- 
mens of air have also been brought from Ghimbornzo, Mount 
Blanc, from the deserts of Africa, and from the midst of the 
oceans, and on analysis they have all been found to contain 
the same proportions of the two gases. 

These proportions are found by experiment to form the 
most agreeable air for respiration, and to be best fitted for 
the support of animal life. Animals confined in air, contain- 
ing more than the ordinary proportion of oxygen, have their 
respiration hurried, and become feverish, by over excitement ; 
while those confined to air, which contains a less proportion 
of that gas, become languid and faint, from the want of its 
stimulating effects. 

Besides these two gases, the atmosphere contains variable 
portions of carbonic acid gas, and aqueous vapor. The ear- 
In what manner doMA nitrogen destroy life ? It the specific gravity 
of nitrogen greater, or less, than that of atmospheric air ? With what 
subiitance does nitrogen form nitric acid ? In what vegetables is this 
gas found ? What is the composition of atmospheric air f What is 
•aid of the constancy of these proportions f From what parts of the 
world have specimens of air been analysed, and found to contain the 
lame proportions of the two gases ? What is the effect of a greater 
proportion of ozygen than common air contains on the animal system f 
what tM Uie effect of a less proportion on the system ? Does the atmos- 
phero oontftii* othergases besides oxygen and nitrogen f 
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boDic acid seems always to be present, since Saussure found 
it in the air of Mount Blanc, taken from the height of 16,000 
feet above the level of the sea. Its proportion never exceeds 
one part in a 100, in freely circulating air; and it generally 
amounts to only 1.1000th or 1.2000th part of the whole. The 
proportion of aqueous vapor is also exceedingly variable, but 
seldom exceeds 1 part in 100. 

The air of particular situations is also found to contain 
small quantities of carburetted hydrogen, or inflammable gas, 
and of ammonia, but these are not constant. 

It has been a question among chemists whether the two 
gases composing the atmosphere are simply ih a state of mix- 
^ture, or whether they exist in a state of chemical combina- 
tion. Mixture, has commonly been distinguished from com. 
bination by the spontaneous separation of the ingredients of 
the former. But, although oxygen is specifically heavier than 
nitrogen, no such instance has been found to occur. 

Air, confined in a long tube standing vertically for many 
months, was found to contain the usual proportion of oxygen 
in its upper part. The proportions of its constituents are 
also definite, like those of energetic combinations. By 
weight, there are 2 proportions of nitrogen 28, with 1 of ox- 
ygen 8. And by volume 4 parts of the first, 80, to one of the 
latter 20 in the 100, thus making the simple proportions of 
4 to 1. 

It has been found that other gases of different specific grav- 
ities mix with entire uniformity where it is known that no 
chemical union exists between them. Thus if one vessel be 
filled with carbonic acid gas, and another with hydrogen gas, 
the latter being placed over the former, with a tube commujoi* 
eating between them, the two gases will mix with perfect uni- 
formity in a few hours. In this instance, a part of the car- 
bonic acid, though 22 times as heavy as the hydrogen, is 
found to have ascended into the upper vessel, while a part of 
the hydrogen, though 22 times lighter than the acid gas, de- 
scends into the lower one., The cause of such an intimate 
mixture, under such circumstances, and withofit the influence 



What other gas is always foand in the air? What gases are occa- 
sionally found, their presence depending on local circamstances ? What 
reasons are there to believe that air is a chemical compound P What 
singular fact is mentioned in respect to the mixture of carbonic acid 
and hydrogen, through a tube ? What does this fact show with respect 
to the uniform mixture of the elements of the atmosphere without a 
chemical union ? What does the fiicilitf with which oxygen is ab- 
stracted from the atmosphere tend to show in respect to this chemical 
union ? 
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of chemical attraction, has not been explained. Bat the fact 
IB sufficient to show, that the uniform mixture of the constit* 
uents of the atmosphere may be accounted for, without a 
chemical union. The facility, alsq, with which oxygen is ab- 
stracted from the atmosphere is against a chemical union. 
Thus rain water contains a considerable portion of oxygen, 
besides a portion of atmospheric air. But the attraction of 
water for oxygen, is not supposed sufficient to overcome a 
chemical combination, and therefore did such a combination 
exist in the atmosphere, oxygen would not be found in water 
under such circumstances. 

On the wliole, it is most probable, that the Constituents of 
the atmosphere exist in a state of mixture, and not in a state 
of chemical union. 

The oxygen of the atmosphere being the principle which 
supports life, and flame, it is obvious that large quantities of 
this gas must be consumed every day, and therefore that its 
quantity must diminish, unless there exists some source from 
which it is replaced. The quantity consumed, however, 
must be exceedingly small in a definite period of time, when 
compared with the whole ; for the atmosphere not only en* 
tirely surrounds the earth, but extends above it at every point 
about 45 miles. Now when we consider how small a pro- 
portion of this immense mass, comes into contact with ani- 
mals or fires at any one time, and that it is only these small 
portions that become vitiated, it is obvious that ages would 
elapse before any difference could be detected in the quantity 
of oxygen, even were there no means of replenishment pro- 
vided. 

But the wisdom and design which the study of nature ev- 
ery where detects, and which as constantly seems ordained 
for the benefit and comfort of man, has not led so important 
a principle as that of vital air, to be consumed, without a 
source of regeneration. 
It appears from experiments, that vegetation is the source 
> from which the atmosphere is replenished with oxygen, and 
so far as is known, this is the only source. Growing plants, 
during the day, absorb carbonic acid from the atmosphere. 

On the whole, is it most probable that the elements of the atmos- 
phere exist in a state of mixture, or in that of a chemical union ? What 
i> Baid of the' quantity of oxygen consumed by animals, and flame, 
when compared with the whole, which exists in the atmosphere ? From 
what source is the atmosphere replenished with oxygen ? 
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decompose the g$», emit the oxygen of which it is in part 
composed, and retain the carbon to increase their growth.^ 
[See vegeuaion,] 

We have seen under the article oxygen that when w6od, or 
carbon is burned, that oxygen is thereby converted into car- 
bonic acid gas, and a greater or less proportion of this gas 
contained in the atmosphere may be attributed to this source. 
Here then we are able to trace another instance of the won- 
derful order and design of Omnipotence. The destruction 
of plants by burning, while the process absort)s the oxygen 
from the air, furnishes carbonic acid, which in its turn, is de- 
composed by growing vegetables, the carbon being again 
converted into wood, while the oxygen goes to replenish the 
loss created by the burning, and to purify the atmosphere for 
the use of man. 

ITITBOGEN AND OXieEir. 

In addition to the reasons formerly assigned for supposing 
the atmosphere not to be a chemical compound, may be ad- 
duced the fact, that all other combinations^ of nitrogen 
and oxygen produce corrosive or noxious substances. 

Five such compounds are known to chemists, and they all 
admirably illustrate the changes produced by chemical com- 
binati<»is, as already noticed under the article canity. They 
also confirm the truth of the dpctrine of multiple proportions, 
having been adduced as illustrations of this principle under 
the same article. Some of the most material properties of 
each of these compounds will be stated, beginning with that 
containing the least proportion of oxygen, and ending with 
that containing the most. 

Protoxide of Nitrogen — ^22. 

1 p. Nitrogen 14+1 p- Oxygen 8. 

Nitrous Oxide, 

The best method of obtaining this gas is by fusing a salt 
called nitrate of ammonia. This salt may readily be formed 

How do plants obtain the oxygen which they emit ? Whence como 
the carbonic acid gas, which plants decompose ? What is said of the 
wonderful order and evident design of Providence, in makinj^ 
the destroctio^ of plants the means of replenishing the air with oxy- 
gen ? What is said of the compounds of nitrogen and oxygen in re- 
ference to the chemical nature of the atmosphere f What do these 
compounds illustrate ? What is the signification of protoxide ? What 
other name is there for protoxide of nitrogen f How is this gas ob- 
tained ? 
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Sr mixiog carbonato of ammoiua with uHiC acid (aqua fbrtis) 
luted with four or five parts of water> and then evaporating 
the solution by a gentle heat. The ammonia should be add- 
ed in small lumps until the qfTerv^escence ceases ; and the 
evaporation continued until a drop of it placed on glass, con- 
cretes. 

Having prepared the salt, the nitrous oxide or exhilarating 
gas may be procured from it, and its effects by respiration 
tried by the follovring simple means, when no better appara« 
tus can be obtained. 

prepare a Florence flask, as shown at fig. 36, and into 
this put four or five ounces of the nitrate of ammonia. For 
a gas holder, fit to a large stone ware jug a cork pierced 
with two apertures by a burning iron ; into one of the aper- 
tures pass a tube of glass or tin, so that it reaches nearly to 
the bottom when the cork is in its place, and stop the other 
orifice with a cork. 

For a pneumatic cistern, take a common wash tub, and fit 
to it a strip of board passing through the middle and about 
four inches from the top, so that when the tub is filled with 
water, the board will be covered. Through the board cut a 
hole to receive the neck of the jug, so that it will stand in- 
verted. 

Having prepared things in this manner, fill the jug with 
water, and invert it in the tub, also previously filled with 
water. Then bend the tube iielonging to the flask, so that 
it will enter the mouth of the jug, while the flask itself stands 
on a ring of the lamp furnace, and apply a gentle heat. 

If no lamp furnace is at hand, the flask may be suspended 
by a wire or string, and heated by a common lamp, or a few 
coals. The salt will soon melt and become fluid and trana- 
parent, when the gas will be extricated in abundance. When 
^ jug i*) nearly full, which will appear by the sound of the 
bubbles, slip the hand under its mouth, and having set it up- 
right, immediately put the cork with the tube through it, in 
its place. As the nitrous oxide sometimes contains a mix- 
ture of nitric oxide, or deutoxide of nUrogen, which is danger* 
otts to respire, but which is absorbed by water, it is safest 



How is nitrate of ammonia formed ? Having prepared the salt, in 
what manner is the gas extracted firom it ? In what manner may a 
ttmporary gas holder and water hath he prepared ? Having prepared 
the gas holder, or juff, and the water hath or tub, how will yoa pro- 
ceed to fill the jug wiUi gas f How will yon know when the jog is 
full of gas ? What gas is sometimes mixed with the nitrous oxide r 
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before the gas is respired to let it stand an hour or two, with 
the water remaining in the jug. 

To respire the gas, prepare a bladder, or oiled silk bag, 
by attaching to it a tube which fits closely to the second 
aperture in the large cork, and having squeezed all the air 
out of' the bladder, or bag, remove the small cork and pass in 
the tube. 

Next pour such a quantity of water into the jug through 
the long tube as it is desired to obtain gas in the bag. 
Now it is obvious that the gas cannot escape through the 
long tube, because its lower end is in the water, nor can it 
escape through the mouth of the jug, this being closed by 
the cork ; it therefore passes into the bag. When this is 
full, withdraw the tube from the jug, and having expired, or 
thrown the air from the lungs, close the nose with one 
hand, and with the other apply the tube to the lips and 
breathe the gas from the bag into the lungs, and from the 
lungs to the bag. Sir H. Davy respired 12 quarts, but the 
medium dose is from 4 to 8 quarts for an adult. 

On some persons, this gas has a highly exhilarating, or in- 
toxicating efiect, and produces -the most agreeable sensa- 
sations, oflen attended by momentary mental hallucina. 
tions, and corresponding actions. On others it produces 
mental depression, and melancholy forebodings. Its action 
^commonly continues only a few moments, and its effects 
seldom or never produce a state of languor or debility, which 
might be expected to follow such a degree of excitement. 

The composition of the protoxide of nitrogen by volume, 
is nitrogen 100, and oxygen 50. 100 cubic inches of this 
gas weigh 46.5 grains, and its specific gravity is therefore 
1.5, air being 1 . It is transparent, and colourless, has a 
sweetish taste, and an agreeable aromatic smell. It is a 
supporter of combustion, and many substances bum in it with 
far greater energy than in atmospheric air. The burning 
body absorbs the oxygen from the nitrous oxide, and thus 
the nitrogen remains in the vessel. 

Why is it safest to let the gas stand over water awhile befof<e it is 
breathed f After having prepared a bladder, or gas bag, how is thia 
filled with the gas from the rag ? Ho^ir is the gas respired ? What is 
the mediiun dose for an adult .^ What effect is the respiration of this 
gas said to produce on the human feelings ? What is the composition 
of the nitrous oxide? What is its specific gravity? Does this 
support combustion? 
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Deutoxide of Nitrogen., — 30. 

1 p. Nitrogen 14+2 p. Oxygen 16. 

Nitric oxide. Nitrous gas, 

Deutoxide of nitrogen, as expressed above, and as its 
name signifies, contains two proportions of oxygen to one of 
nitrogen. It was formerly called nitric oxide, and nitrous 
gasy but analysis having shown its composition, has of course 
also fixed its name in accordance. This gas is formed by 
' the action of nitric acid on copper. Having introduced some 
copper turnings or filings into a retort, pour on them a quan- 
tity of strong nitric acid or aquafortis. A violent efferves- 
ce nee will ensue, and the gas will escape in abundance. 
At ^xai it will appear of a deep red colour, which is owing 
to the presence of atmospheric air in the retort, but on pass- 
iag it through water the red fumes are absorbed and the ni- 
trous gas remains pure and colourless. 

To understand the chemical changes by which this gas is 
formed, it is necessary to state that nitric acid is composed of 
40 parts of oxygen and 14 parts of nitrogen, and that this 
acid is decomposed by the process. A part of the oxygen of 
the acid unites with the copper, and forms an oxide of the 
metal, while another part of the oxygen continues in union 
with the nitrogen, forming a deutoxide of nitrogen, which, as 
already seen, contains only 16 parts of oxygen. The gaseous 
form of the deutoxide is owing to the absorption of a quantity 
of caloric at the instant of its formation. The evolution of 
this gas is therefore owing to the abstraction of a part of the 
oxygen from nitric acid, by the copper. Other metals, and 
particularly quicksilver, will produce the same effect. 

Nitrous gas, when pure, is sparingly absorbed by water. 
It 16 a little heavier than atmospheric air, 100 cubic inches 
weighing 31.7 grains, while the same quantity of air weighs 
30.5 grains. It cannot be respired, even in small quantity, 
without a sense of suffocation, and violent coughing. It in- 
stantly extinguishes the flame of most substances, when plun- 
ged into it, but if charcoal, or phosphorus, in a state of vivid 
I ■■ ■■ I ■ ■ ' ' - ■ I I I 1 1 II I II » 

What does deutoxide signify .' What is the composition, and what 
the equivalent numbers for deutoxide of nitrogen ? W hat was the for- 
mer name of this gas ? How is nitric oxide obtained ? W hy do the 
first portions of this gas appear red f What are the chemical changes 
by which this gas is formed ? What causiBs the gaseous form of this 
addi To what is the evolution of this gas owing? What isth« 
weight of this gas ? W hat are its effects on respiration and flama ? 

13 
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combustion be inlnnersed in it, its oxygen is absorbed, and 
they bum with increased enei^. 

When mixed with atmospheric air, red fumes are genera- 
ted, as already noticed. This is owing to the union of the 
o2cygen of the atmosphere with the nitrous gas. When pore 
oxygen is added to a portion of this gas, the red becomes still 
deeper, and there is formed nitf oqs acid, which is entirely ab^ 
sorbed by water. Thus these two gases are a delicate test 
for each other, the smallest quantity of the one being detected 
by introducing a quantity of the other. 

From the property of the nitrous gas above stated, it has 
been employed in EudioTnetry; that is to ascertain the purity 
of the atmosphere, or the quantity of oxygen it contains. 

The method by which this is done, is to confine a certara 
portion of air in a graduated tube, and then introduce into the 
tube, a sufficient quantity of the gas to unite with the oxygen 
it c6nt»n8. Then, as the compound formed between the 
oxygen and the nitrous gas is entirely absorbed by water, it 
is readily seen by the graduated tube what proportion of air 
has disappeared, after agitating the mixture with water, and 
consequently how much oxygen it contained. 

The composition of deutoxide of nitrogen has been accu- 
rately ascertained by burning charcoal in it, which absorbs 
all the oxygen, amounting to exactly one half the volume of 
the whole, and leaves the nitrogen, which amounts to the 
other half. By this analysis, it is found that 100 parts of 
this gas lose 50 parts of oxygen, and that 50 parts of nitrogen 
remain. 

50 cubic inches of oxygen weigh 16.8 grains, 

50 cubic inches of nitrogen weigh 14.9 grains, 

The 100 parts thererefore weigh 31.7 grains. 
The equivalent composition therefore is 

1 atom, or equivalent of nitrogen 14 

2 do. do. ^ oxygen 16 

30 

■ - ■ - * - I ■ ' ■ 

What acid is fonned when this gas combines with jUi additional por- 
tion of oxygen gas ? By what fluid is this gas absorbed ? In what 
manner is the nitrous gas employed to ascertain the quantity of oxygen 
in the atmosphere ? In what manner has the composition of this gas 
been ascertained ? What is the composition of this gas ? What is itf 
equivalent number ? What are the equivalent numbers of its ^le• 
ments? 



\ 
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NUraus Add-^B, 
1 p. Nitrogen 14+4 p. Oxygen 32. 

The next componnd of nitrogen and oxygen which we 
shall notice is nitrous acid. 

This acid is formed by adding oxygen to the compound 
last described, in consequence of which, the nitrogen of that 
compo'Und combines with another portion of oxygen equal to 
that which it before contained. The deutoxide contained 2 
proportionals of oxygen, 16. The nitrous acid contains 4 
proportionals of oxygen, 32. Between these, there is a 
hypothetical compound, containing 3 proportions of oxygen, 
but which has not been obtained in a free state. This is call- 
ed HyponUrous actd^ and by some «u5-nitrous acid, because 
it contains less oxygen than nitrous acid. 

Nitrous acid may also be obtained by the distillation of 
nitrate of lead in a retort. [See nitrate of lead*] During the 
distillation, the receiver' should be kept cold by surrounding 
it with ice. 

By either of these methods there is obtained a vapor, or 
gas, of a deep orange red colour, which is the niti«ri»acid in 
a gaseous state. To obtain it pure, it is however necessary 
that the receiver should be first exhausted by the air pump, 
because it is instantly absorbed by water, and a mercurial bath 
cannot be employed, because the gas acts upon that metal. 
. By volume this acid is composed of 

Nitrogen 100, By weight. Nitrogen 14 

Oxygen 200, Oxygen 32 

46 
Nitrous add, in its fuming state, is totally irrespirable ; 

but supports the combustion of phosphorus or charcoal, when 

introduced into it in a state of combustion. 

Water absorbs this gas in large quantities, and acquires 

thereby, first a green and afterwards a blue tint. If still 

more be added, it becomes yellow, or colourless, and forms 

a solution of nitrous acid in water. 

What are the processes by which nitrous acid may be obtained ? 
What is the composition of this acid ? In what does this acid occur, 
and what is its colour ? How is this acid obtained in its pure state ? 
Why cannot a mercurial or water bath be employed to confine this 
gaci f . What are the definite proportions of the elements of this acid by 
volume and weight? Does this gas support combustion or animal life f 
What is said of its absorption by water, and the colours produced 
thereby ? 
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NUric AcW— 64. 

1 p. Nitrogen 14-f 5 p. Oxygen 40. 

Apia Fartis, 

If a mixture of oxygen and nitrogen be confined in a glasg 
tube containing a little water, and powerful electrical shocks 
be passed through the mixture, the ^ water, afler a continued 
succession of such shocks, will possess acid properties. By 
this process, the two gases are made to combine, and form 
nitric acid, which is absorbed by the water. 

This experiment is designed merely to prove that the acid 
in question is formed of oxygen and nitrogen. 

The usual mode of forming this acid is by the distillation of 
the nitrate of potash, more commonly called nitre, or saUpetre, 
with sulphuric acid. The proportions are four parts of nitre, 
in coarse powder, with three parts of the acid by weight. 
The receiver must be large, and kept cold, otherwise much 
of the acid will escape before it is condensed. The strongest 
acid is formed when no water is placed in the receiver, that 
already combined with the sulphuric acid being sufficient to 
cbndense the nitric acid vapor as it is formed. 

The strongest nitric acid is without colour, and has a spe- 
cific gravity of 1.5, that is, this acid is by one half heavier 
than water. In this state it contains 25 per cent, of water. 

The dry nitric acid, which is formed by the condensa- 
ti^ of its constituent gases, contains no water, and is com- 
posed, as stated at thc^ head of this section, of I proportion 
of nitrogen 14 and 5, f>roportions of oxygen 40. The com- 
bining number of the dry acid is therefore 54. 

The acid obtained by distillation contains the same ele- 
ments as the dry acid, and in the same proportions, but wiih. 
the addition of two proportions of water. Now the com- 
bining proportion of water being 9, that is, oxygen 8 and hy- 
drogen 1, it is easy by the above data to find the combining, 
or equivalent number for liquid nitric acid. It may be sta- 
ted thus : 

What is the composition of nitric acid, and what its combining num- 
ber f What experiment shows that this acid is formed of nitroren and 
oxygen ? W hat is the usual mode of obtaining this acid ? In what 
manner is the strongest nitric acid formed P Whence comes the water 
to absorb the acid vapor when none is placed in the receiver ? What 
is the specific gravity of the strongest acid? What proportion of 
water does it contain ? How is the drj nitric acid formed f Does the 
acid obtained by distillation contain the same elements as the dzy 
acid.^ 
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1 ^rop. of Nitrogen 14 
5 prop, of Oxygen 40 

54 dry acid. 

2 prop, water 18 

72 liquid acid. 

The acid ii^ this state is called Hydro nitric acid, from a 
Greek word signifying water, to denote its combination with 
that fluid. When this acid combines with other substances 
it abandons the water, which therefore is not reckoned in its 
equivalent number, in this state it is called anhydous ni- 
tric acid, denoting that it contains no water. 

Nitric acid is an exceedingly acrid and corrosive sub- 
stance. It stains the skin and nails of a permanent yellow, - 
and is an active poison when swallowed. 

It parts with its oxygen vvith great facility, and hence is 
decomposed by nearly every combustible body. It combines 
with ipost of the metals and decomposes all vegetable and 
animal substances. 

As a proof of the slight degree of force with which this 
acid retains its oxygen, take some warm, dry, and finely 
powdered charcoal, and pour on it a few drachms of strong 
nitric acid. The charcoal will be ignited, with the emission 
<>f immense volumes of red fumes. By this process the acid 9 
decomposed, and parts with 2 or 3 portions of its oxygen to 
the charcoal, in consequence of which it is converted into ni- 
trous acid, and deutoxide of nitrogen, which pass off in th6 
form Of red fumes. 

If an ounce of the spirit of turpentine be placed in a cup, 
and on it there be poured suddenly, about half an ounce of 
this acid, the turpentine will be inflamed with an explosion, 
sending forth a great quantity of black smoke, and of^en 
throwing the acid and fire to a considerable distance. 

In both these cases, the acid parts with its o;Eygen with so 



What are the constituents of liquid nitrichacid ? What is the chem- 
ical name for the liqi^id nitric acid ? When this acid combines with 
other substances, what becomes of its water? What is the chemical 
name for the dry acid ? What are the properties of nitric acid ? How 
is it shown that this acid holds its oxygen with a slight force ? What ^ 
effect does the action of the charcoal have on this acid ? What are the 
red fumes which pass off daring this experiment f How may spirit of 
turpentine be inflamed by this acid ? Why are the combustibles set on 
fire by dvsacidf 

13* 
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much freedom, and the comhustibles abscnrb it iAh such avid- 
ity, as to set them on fire. 

. In making the latter experiment, the vial containing the 
acid should be tied to a long stick, ortherwise the operator 
will be in danger from the explosion. 

Nitric acid forms a great number and variety of salt^ 
when combined with the different metals, earths and alkalies. 
Most of these salts scintillate when thrown on burning char- 
coal. This is in consequence of the oxygen which the 
salt emits when exposed to h^at, and by which the combus- 
tion of the charcoal is rendered more vivid. This scintilla- 
tion is a sure proof that the salt is a nitrate. 

All the titrates are soluble in water, and many of them 
furnish oxygen gas of more or less purity when heated in a 
retort. 

NITS06EN AND HYDROGEN. 

Ammonia 17. 
1 p. Nitrogen 14+3 p. Hydrogen 3. 

Hartshorn, 

There is a substance well known to artists, and others, by 
the name of sal-ammoniac. In chemistry its name is muriate 
of ammonia. If some of this substance be pulverized by it- 
Af, and then mixed with an equal portion of unslacked 
quicklime, also in powder, and then introduced into a I'etort, 
upon the applicationof a gentle heat', there will arise an ex- 
tfemely pungent gas which is ammonia. 

Water absorbs this gas with great avidity, and in large 
qua,ntities, and consequently it cannot be collected like most 
other gases, by means of the water bath. 

In the absence of a mercurial bath, therefore, its proper- 
ties can be examined by receiving it in a bladder attached to 
the retort, or by means of a tall bell glass, and the apparatus 
described at fig. 40. This gas is transparent, and colour- 
less. In its' pure state it cannot be respired. An animal 
cannot live in it, and it extinguishes the flame of burning 
bodies. 

What IS said of the salts formed by the combinations of nitric acid? 
Why do thfi salts of this acid scintillate when thrown on burning char- 
coal ? What is said of the solubility of the nitrates ? How is ammo- 
nia obtained ? Why cantiot this gas be collected under water ? How 
may its properties be examined without a mercurial bath.^ 
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Thi? gas i^ composed of ^ 

1 equivalent or atom of Nitrogen 14 

3 do. do. Hydrogen 3 . "* 

Its combining weight is therefore 17 

It is much lighter than atmos]pheric air, 100 cubic inches 
weighing only 18 grains. 

When this gas is absorbed by water, which will take up 
more than 500 times its own bulk of it, there is formed the 
well known pungent liquid called spirit of sal ammoniac, or 
spirit of Jiartshorn, and by the apothecaries, liquid ammonia. 

When ammoniacal gas is submitted to the pres^re of 6 or 
.7 atmospheres, equal in the whole to about 100 or 120 
pounds to the square inch, it is condensed into a clear col- 
ourless liquid, but when the pressure is removed it again ex- 
pands and assumes its former gaseous state. 

Ammonia is called the volatile alkali, by which it is distin- 
guished from the fixed alkalies, soda and potash. It pos- 
sesses fully all the properties of an alkali, having an acrid 
taste, a strong affinity for wat^, and being capable of neu- 
tralizing the corrosive qualities of the acids. 

The article used in smelling bottles, and called vokUUe 
saUs, and 8€dt of hartshorn, is 9. carbonate of ammonia. 

The salts of ammonia, and particularly the murifite ami 
carbonate, are articles of considerable importance in cofl- 
merce, in the arts, and in medicine. 

Carboit. — 6. 

Nature furnishes ^rbon in its purest state, in the form ot 
that precious gem, the diamond. 

That the diamond is nothing but pure carbon is prpved by 
direct analysis. If in a glass vessel contaming oxygen gas, 
a piece of diamond be placed, and then exposed to the in- 
tense boat of a large convex lens, or burning glass, the dia. 
mond entirely disappears, and there remains in the vessel 
carbonic arid instead of oxygen. Thus the diamond, like 



What are the most obvious properties of anM«onia ? What is the 
composition of ammonia and what its equivalent number? What is 
the weight of lOO cubic inchen of this gas ? How is liquid ammoaia 
formed ? What quantity of this gas will water absorb ? What is 
said cf the condensation of ammonia into a liquid? What is the ar- 
ticle called' volatile salts? What is said of the alkaline properties of 
ammonia ? Hew is it proved that the diamond is composed of pore 
carbon? ' ^ 
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other combustibles, forms carbonic acid by being burded, or 
by mating with oatygen. When charcoal, or carbon from 
wood is burned in pure oxygen gas, exactly the same re- 
suit is produced, the charcoal entirely disappears, and the 
oxygen is converted into carbonic acid. 

Charcoal may be obtained free from impurity by burying 
wood under sand, in a crucible, and exposing it to an intense 
heat for an hour or two. By this process, the water and 
other ingredients of which wood is composed, a^e driven off, 
and the carbon remains pure. 

Both diamond and charcoal, sustain the most intense de. 
grees of heat without Shwage, provided the air is entirely ex- 
cluded from them. Charcoal, when newly prepared, possess- 
es the property of absorbing large quantities of air, or other 
gases, at common temperatures and of yielding the greater 
part of them again when heated. There is, however, a great 
difference in respect to the quantity absorbed, depending on 
the kind of gas with which the experiment is made. Am- 
moniacal gas is taken up in the largest quantity, this being 90 
times the bulk of the charcoal. Muriatic acid gas is absorb- 
ed in the proportion of 85 times the bulk of the charcoal. 
Other gases are absorbed only in small proportions, nitrogen 
being only 7| times, and hydrogen 1.75 times, the bulk of the 
charcoal, l^e greatest absorption takes place in char- 
cdft made from the most compact kinds of wood, and the 
amount is much diminished when the charcoal is reduced to 
powder. Charcoal, recently prepared, has the property of 
resisting putrefaction in animal substances, and of rendering 
sifch substances sweet, afler they are tainted. The most oU 
fensive stagnant water, loses its odor and becomes jperfectly 
sweet by being filtered through powdered charcoal. 

It also destroys the colours of many substances. Vinegar 
loses its colour, and becomes transparent like water, by being 
boiled with charcoal, and red wines, oi: coloured brandy, are 
bleached by passing through it. The best charcoal for these 

When diamond, or charcoal is burned in oxygen gas, what is the 
product? How may charcoal bo obtained from wood in a pure state f 
What peculiar property does newly prepared charcoal possess ? What 
difference is there in respect to the quantity of the different gases ab- 
sorbed by charcoal ? What gases are absorbed in the greatost, and 
what in the least quantity f What effect does newly prepared charcoal 
have on putrefying animal substances f What effect does charcoal 
have on the colour of particular substances i What kind of charcoal 
is best for the above purposes ? 



pttrpodedie prepared by calciniog animal aubatances in eloae 
veasek. 

la the preaent atate of knowledge, charcoal ia a aimple •ul>- 
atance, having reaisted all attempta to decompoae, or separate 
it into other elementa. Ita atomic weight or combining num« 
ber ia 6, thia being the proportion in which it is found to unite 
with oxygen, to form carbonic acid, and in no instance haa 
it bfien detected in a less quantity in combination. 

CABBON AND OXTGElf. 

Carbonic Acid — ^22. 

1 p» Carbon 6+2 p. Oxygen IG. 

Fixed Air, 

It has just been stated, that when diamond or charcoal ia 
burned in oxygen, the latter is changed into carbonic acid. 
By this process the Volume of oxygen is not changed, but ita 
weight is increased by exactly the amount of the diamond, or 
charcoal, consumed. . Carbonic acid, therefore, consista of 
oxygen, with a quantity of charcoal dissolved in, or combined 
with it. 

This acid can, however, be obtained by a much oheaper» 
and more direct method than by the combustion of diamond, 
or even of charcoal, in oxygen gas. 

This gas exists in a fixed state, in vast abundance, as a pail 
of the composition of limestone, or marble. This chemical 
compound, so abundant in nature as to form immense moun- 
tains, is composed of more than 40 parts of carbonic acid to 
the 100, of the whole. 

Carbonic acid may therefore be obtained most readily, by 
exposing carbonate -of lime to the action of some acid which 
has a stronger affinity to the lime than the acid has with 
which it is naturally combified, and thus by forming a new 
compound between the lime and the stronger acid, the carbo- 
nic acid will be set at liberty. 

Is charcoal a sunple, or a compound body ? What is the combining 
number, or atomic weight of carbon ? When diamond, or charcoal is 
burned in a confined portion of-oxy een gas, what effect does the com- 
bustion have on the volume and weight of the gas? In what natora} 
compound is carbonic acid contained in great abundance ? What pro« 
portion of carbonic acid does marble contain ? What are the ehemical 
principles on which carbonic acid may be obtained from lime atone, or 
marbte? 
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Fig. 68. For this por* 

pose, introduee 
pure white mar- 
ble, in small frag- 
meats, into the . 
two necked bottle 
a, fig. 58, having 
the bent tube c, 
connected with 
one of the necks 
and passing un- 
der the jar d, fill- 
ed ' with water, 
and inverted in 
the water bath. 
- Then pour 
through the funnel h, some sulphuric acid, diluted with five, 
or six parts of water. Effervescence will immediately en- 
sue, in consequence of the escape of the ga^, which in a 
few minutes will be seen to rise in bubbles through the water 
in the jar. 

The chemical changes during this process illustrate the 
law of simple affinity, formerly explained, viz., that one sub- 
stance may have an attraction for several others, but with dif- 
fjprent degrees of force. Thus lime has an affinity for carbo- 
nic acid, with which it combines and forms carbonate of lime. 
But sulphuric acid having a still stronger attraction for the 
lime, when this is added, the carbonate is decomposed, the 
sulphuric acid and lime unite and form sulphate of lime, while 
the carbonic acid being thus rejected, escape in the form 
of gas. 

'fiiis gas is inodorous, colourless, and elastic. It extin- 
guishes burning substances of all kinds, and is so poisonous 
that a small quantity of it mixed with atmospheric air destroys 
animal life. 

It is this gas which destroys the lives of many persons every 
winter, in consequence of warming close rooms with open 
vessels of burning charcoal. In such cases the air becomes 

Expl&in fig. 58, and describe the process of obtaining carbonic acid 
gas from marble. Explain how this process illustrates the law of sim- 
ple affinity. What new salt is formed when sulpharic acid is pouTed 
on marble ? What is the effect of this gas on flame, and animal life ? 
When charcoal is burned in an open vessel, in a close room, what is the 
Affect on the air of the room f 
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Boxioiis from two oauses ; the eharcoal by.abflteetiiig the ox« 
ygen from the atmosphere, would leave only the mtrog^n, 
whichi 89 we ba;ire already seen, will not support animal life. 
The mere absence of the oxygen would the^refore be the neg- 
ative means of destroying life. But this is not the most active 
eause of destruction. The air is not only deprived of its oxy* 
gen by the burning charcoal, but the oxygen by uniting 
with the charcoal becomes an absolute poison ; this is indeed 
of so deleterious a nature, that when pure, it causes death by 
producing spasm of the glottis, thus closing entirely the pas. 
sage to the lungs, and when mixed with atmospheric air, in 
such a proportion as to be taken into the lungs, it then acts 
as a narcotic poison, producing dimness of sight, loss of 
strength, difficulty of breathing, then entire suspension of 
respiration, and finally, insensibility, apoplexy and death. 
^ When limestone is exposed to heat, this gas is driven off, 
and in consequence of this loss, the limestone is converted 
into quicklime, a substance well known as the basis of mortar 
for building. The gas thus extricated, being quite pure, is 
exceedingly deleterious, and sometimes proves fatal to the 
workmen and others in the vicinity of the kiln, where the 
burning is performed. 

M. Fodere' states that in the year 1806, a family residing 
at Mars^lles, consisting of seven persons, were all rendered 
apoplectic, in consequence of breathing carbonic acid, which 
was extricated from an oven in the yard of the house, where 
limestone was burning. The gas had come into the house 
through the door and windows, and by some means it was 
found, during the night, that the family were in danger, and 
the alarm was given, but not in time for any one to escape* 
In the morning, all the seven were found in different places, 
one on the stairs, one on the step of the door, <Sec., with 
lamps in their hands, in the attitude of flight ; but the delete- 
rious gas ha4 taken away their strength, and put out their 
lights. They all appeared to have fallen down of apoplexy, 
while attempting to escape death by flight. Five were dead 
beyond recovery, but the two others were brought to life. 

Some people, who are perfectly aware of the poisonous 

■ ' III! ill m ill! I I « II »p . 

How does pure carbonic acid cause death ? When mixed with air, 
so as to be respired, how does it cause death ? When lame stone is ea^ 
posed to a red heat, what changes are produced on it f What were ^ 
circumstances under which a&mil;^ at Marseilles were rendered apo* 
plei^ic by this gas ? Is there any difierence between the poisonous ef* 
ftcta of ^arcod prepared in a coal pit, and that taken from the hewrth i 
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effiicto of tfa«ttir •fuiag from ifsite^ ^btfttotl, .wbiob iuMi 
been prepared in coal-pits, still ana^coimlably believe, cImiI 
tbe eomls from a common fire aee ionocent This ofHnion 
has probably arisen firom tbe- circumstance, that coals from 
the fire are taken vp with a quantity of asfaee in wbicb they 
are chiefly covered, so that their combustion is made Jess 
rq>id, than when charcoal alone is used* But that there is 
no difference in respect to the poisonous property of the gas, 
whether the charcoal has been prepar^ed in a ceal pit, or oa 
the hearth, is proved by the fact, that ar respectable citizen 
and his wife, a short ^me since, had nearly fallen victims to 
this mistaken opinion. 

Water absorbs carbonic acid from the atmosphere, and it 
is owing to its presence in spring and well water, that we are 
indebted to their [feasant flavor. Boiling causes this gas to 
escape in consequence of the heat, and whoever has tasted of 
water immediately from a fountain, and of another portion 
of the same water, which has been boiled^ will observe a re- 
markable difibrence. Water which has been recently boiled, 
will absorb its own bulk of carbonic aeid, when agitated with 
it. The smart, and agreeable taste peculiar to soda water, 
to lively^ beer, champagne, cider, and porter, is owing to the 
presence of this gas. This shows that though a deadly pois* 
on when taken into the lungs, it may be taken into the stomach, 
not only with impunity, but with pleasure. 

The poisonoos quality of this gas is, a striking instance of 
the change produced on bodies by chemical combinatieB. 
Charcoal alone is so inert as to be taken into the stomach in 
' any quantity, without other deleterious effects, than what 
might arise from over distention, and in fine powder- it is so 
far from being injurious to the lungs, that the coalmen consid* 
er their business, as of the most healthy kind. Oxygen, as 
it exists in the atmosphere, is the very pabulum of animal life, 
and when perfectly pure, may be respired without any other 
ill effsirts except what arise from over excitement. But when 
these two substances are chemically united, they form, as 
already described, a compound of the, most deleterious kind. 

What it aaid of tho absorption of this gas by water, and the liyely 
tafte giTen ths fluid in consequence ? Why does water which has 
been boiled taste flat* and iiiiipiil ? To what liquids does this gas give 
their smarts and lively taste ? What does this prove in respect to pois- 
onous quality of tfaiaa gas ? How do the poisonous qosdities of this 
gas illustcate the chaagse produced on bodiM, by chemical combina* 
tisna? 
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1 poison which, teeording to M. Halle', destroys tnimal life 
io the space of two miniites. 

The spedfio gravity of tlus gas is 1.52, air beiag 1 ; so 
that it is about one-half heavier than air. It may be poured 
from one vessel to another like water, and as it instantly ex- 
tinguishes flame, lights may be put out with it, in a manner 
which will puzzle and astonish those who are not in the secret. 
If a short piece of candle be lighted and set in a tumbler, 
and then a jar of this gas, which in appearance contains no- 
thing, be held so that its contents run into the tumbler, the 
light will be as effectually extinguished, as though the tum- 
bler had been filled with so much water. 

One of the best tests of the presence of this acid is lime 
water, which though perfectly transparent before, instantly 
becomes cloudy, or turbid, when the smallest quantity of this 
gas is blown into it. The small quantity of carbonic acid 
which is generated in the lungs at every inspiration, is suffi- 
cient to form a precipitate in lime water. [See Respiration.] 

The cause which renders lime water turbid by being mixed 
with carbonic acid is easily understood. Water dissolves a 
small quantity of lime which it holds in solution ; but carbo- 
nate of lime is insoluble in water. When carbonic acid is 
blown into a vessel of lime'water, the lime instantly combines 
with it, forming a carbonate of lime, which, being insoluble, is 
seen in the form of a white cloud. The carbonate thus form- 
ed, being heavier than water, sinks to the bottom^ or is^ precip- 
itated. 

The large quantities of this acid which are formed by com- 
bustion and respiration, it might be supposed, would increase 
the quantity in the atmosphere, particularly in crowded manu* 
facturing cities, so as to make the air poisonous. , But as 
already explained, the wisdom of Omnipotence has prevented 
the accumulation of this gas in particular places, in conse- 
quence of its specific gravity, for experiment shows, that not- 
witiistanding the great difference existing among the gases 
in this respject, they all mix uniformly. Hence, by this won- 
derful provision, or exception to the general law of gravity, 

^ — ^^^-1 — J — ■ ■ — ^ — —^ — ^ ^ ^^- — . — _^_ — .^ ^ .^ _ -f - — __ 

What is the specific gravity of thi« gas f How may lights be ex- 
tinguished by this gaa in a mamier to pazzle those who are not in the 
secret ? What is a good testfor carbonic acid ? What effect is appa* 
rent when a little of this gas is blown into lime water f Why doe« 
lime water become turbid by the presence of carbonic acid ? Why is 
the atmoi^here seldom rendered poisonous by tlM aocomolatioa of this 
gas? 

14 
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this gasy though extricated i* imnttOM rokunes in the trtm 
open air, soon diffuses itself on aH sides, and mixes with the 
surrounding atmosphere, so as seldom to prove deleterioas, 
by local accumulation* 

T^e composition of this gas has been determined with ac» 
curacy, and as seen at the bead of this section, it is composed 
of 2 proportions of oxygen 16, and 1 proportion of carbon 6; 
hence^its combining weight is 22. 

Carbonic Oxide — 14. 
1 p. Carbon 6+1 p. Oxygen 8« 

When two parts of chalk, and one of iron filings are mixed 
together and heated in a gun-barrel, carhmic oxide is ob- 
tained. 

The student will readily ubderstaad the principle of its 
formation. An oxide contains too small a proportion, of oxy* 
gen to form an acid. When lime or chalk is heated, car- 
booic acid is extricated, and when iron is heated, it has a 
strong attraction for oxygen. When therefore the ckaik and 
iron filings are heated together, we may suppose, in the fimt 
place, that the carbonic acid is extrioated, as usual j but that 
the iron instantly absorbs one half of its oxygen, thus c^on^ 
verting the acid into an oxide. 

Thi^i gas possesses the mechanical properties, colour and 
transparency of carbonic acid. Like that gas, it extinguishes 
the flame of burning bodies, but is itself inflammable, the 
light wliich it puts out, setting it on fire at the surface, where 
it burns quietly, with a pale, lambent flame. The combining 
proportion of carbon has been determined from this com- 
pound, its elements carbon and oxygen having never been 
found to combine in smaller proportions than 6 of carbon and 
6 of oxygen by weight. 

SULPHUR — 16. 

Sulphur is found in the vicinity of volcanoes in large quBO* 
tities, being sublimed^ or brought up from the depths below by. 
the beat of the volcano, where it existed in coinbinalion wiA 
the metals. It is also found combined with various metals. 
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Wbttt is thecompotition of this gi% and wbat its eombining noa* 
bsr ? How ii carbonic oxide formed? What are the cbemical <thaii« 
M which take placo in forminf this ^as by meamr of- ohalk and koit 
fiUag9 ? What are the properties of this gras ? W hat is its eompoaitioa 
«Bd oombiniii^' munber f ' .In what sitqe;BoBs> is sulphur chiefly fotsod ? 
Whence comes the sulphur found in the yicintty of volcanoes ? 
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fiMwiilg mdpkureitj « ckss of compoiaidb kemiA^ to be eiE« 
amiDed ; nor is it entirely wanting in the animal and vegeta^ 
ble kingdomBy many subatances in each containing it inamaU 
quantities. 

Sulphur is a well known brittle solid, of a greenish yellow 
colour, which has little or no taste, but which emits a peculiar 
odor when heated, or rubbed. 

Its specific gravity is nearly 2, water being 1. When 
heated to a temperature a little above boiling water, it melts, 
and becomes completely fluid, in this state it is cast into 
moulds and is known in commerce under the name of roU 
brim^wie. If the heat is raised to 800^, it loses its, fluidity, 
becomes viscid, and acquires a reddish colour. If in this 
state it be poured into water, it becomes ductile, and w then 
employed to take the impressions of medals and seals. The 
colour and texture of these false medals have the appearance 
of some metallic alloy, and those who are unacquainted with 
their tscMnposition, taking them for such, are at first surprised 
at thmr lightness* 

When sulphur is heated to 600^ in a close vessel, it rises 
in vapor, or w/blimeg^ and is condensed unchanged, except in 
fearm^ which is that of an impalpable |K>wder, well known un* 
der the name of fiowers of stdphvr. In this manner it is 
purified. 

Sulphur combines with the efiurths, alkalies, the metals, 
and with several proportions of oxygen. Its compounds are 
therefore numerous, and some of them interesting. It has 
not been found combined with any substance in a less proper* 
tion than 16, with which it forms an acid, when united to 8 
parts of oxygen* 

Sulphur, 80 far as known, is a simple body ; all attempts to 
decompose it, having proved fruitless. 

SULPHUH AND OXYGEX. 

Sulphurous Acid^^dl2, 

1 Pi Sulphur 16 H-*^ p. Oxygen 16. 

When sulphur is burned in pure oxygen gas, the latter suf- 
fers no change of volume, but acquires a most suffocating and 

How is sulphur deseribed f What is its specific gravity f At what 
degree of heat does sujphar melt ' What is roll brimstone f How is 
milphor prepared to take the impressions of medals and seals ? How 
are flowers of sulphur prepared :* With what other bodies does sulphur 
combine ? What is the lowest proportion in which sulphur is known 
to combine ? Is it an element or a compound f 
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pungent odor, and many new propertien, entirely different 
from those of oxygen. The compound so formed is sviphu' 
rous acid gas. It is colourless and transparent ; extin- 
guishes flame and animal life ; and first turns vegetable blue 
colours to a red, and then destroys them.' When diluted Mrith 
a large proportion of atmospheric air, it is still so acrid as to 
produce a sense of suffocation and violent coughing on those 
who attempt to breathe it. 

It is the same gas which is formed when sulphur is burned 
in the open air, but when burned with oxygen it is pure and 
undiluted. It possesses the property of bleaching linen, silk, 
straw, dec, and hence is employed by milliners and others 
for this purpose. 

Its specific gravity is more than double that of atmospheric 
air, and hence it may be kept for some time in jars by merely 
covering them with a piece of glass. Its equivalent compo- 
sition is 16 sulphur and 8 oxygen. Its bleaching propeity 
may be shown, by introducing a red rose; or other coloured 
flower into a jar containing it, which will soon become white. 
The rose must first be moistened, otherwise the experiment 
will not succeed. The colour may again be restored by an 
alkali. This gas has a strong disposition to unite with another 
proportion of oxygen, and hence it will revive some metallic 
oxides, by depriving them of their oxygen. 

This property may be used as the means of making an 
interesting experiment. 

Make a solution of acetate (sugar) of lead in pure water, 
and with it moisten a piece of ribbon, or a small plant, such 
as a sprig of mint. The thing moistened of course presents 
no other appearance than if wet with common water, but when 
plunged for a moment into a jar of this gas, it comes out com- 
pletely covered with a coat of brilliant metallic lead. 

This chemical chainge is thus explained. The acetate of 
lead is an oxide oT the metal; dissolved in the acetic acid, or 
vinegar. The sulphurous acid, having a stronger attraction 

How is sulphurous acid gas produced f What effect does this gas 
produce on flame, animal life, and vegetable colours ? How does this 
gas differ from that produced by burning sulphur in the air f What is 
the specific gravity of this gas ^ W hat is its equivalent composition ? 
How may the bleaching property of this gas be shown ? How may the 
colour of the rose again be restored ? How may a ribbon, or smalt 
plant be covered with metallic lead by means of this gas? 'What are 
the chemical changes which take place in reviving the lead by this 
acid^ 
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for oxygen than the lead has, the acetate is decomposed by 
being deprived of its oxygen by the acid, and is thus revived, 
ox brought to its metallic state. 

According to Mr. Faraday, the salphurous acid is con. 
densed and brought into the liquid state, by being submitted 
to the pressure of two atmospheres, which is equal to that of 
30 pounds to the square inch. 

This acici unites with metallic oxides and forms salts, 
called Ophites, 

Sidphuric Add — 40. 

1 p. Sulphur 16+3 p. Oxygen 24. 

Oa of Vitriol. 

Sulphuric acid is an article of considerable consequence 
in commerce and the arts, and is prepared in large quantities 
in Europe and America. 

It was formerly obtained by the distillation of a well 
known substance called green vitriol or copperas^ and was 
therefore called oiL of mtrud. The composition of this acid 
as above seen, gives it the name of sulphuric add, and green 
vitriol, therefore, which is composed of this acid and iron, is 
the sulphate oj iron. 

By distilling this substance at a high heat, it is decom- 
posed, and the acid is obtained in the form of a dense, col- 
ourless liquid, of an oily appearance, which emits copious 
white fumes in the air. If this liquid be again distilled at a 
lower degree or heat, into a receiver surrounded with ice, 
there will pass over a colourless vapor, which will condense 
in the receiver, in the form of a white crystalline solid. 
This solid is dry, or ahkydroua sulphuric acid, so called, be- 
cause it contains no water. 

The sulphuric acid of commerce, is this solid dissolved in 
water. It is prepared by burning a mixture of 8 parts of 
sulphur with 1 part of nitre in large chambers lined with 
lead. On the floor of the chamber, which is also of lead, is 
a thin stratum of water. The combustion of the sulphur is 
supported by the oxygen which the nitre yields in conse. 

How may this acid be condensed to a liquid state ? What are the 
mUs called which this acid fonns with metallic oxides ? How was suj. 
phozic acid formerly obtained? What is the chemical name of cop- 
peras f How is the dry, or anhydrous sulphuric acid procured f Of 
what does the liquid sulphuric acid of commerce consist ? Pescribe 
the mamer in which the sulphwic aeid of commeroe is prepared* 

14* 



quenee of th« heat, and also in part by aimospherie aifi 
which is admitted by an aperture lefl for that purpose. The 
aulphur by this process, combines with three proportions of 
oxygen, instead of two, as in the production of sulpburouf 
acid, and therefore sulphuric acid is formed, which is ia- 
stantly absorbed by the water on the floor. When one per* 
tion of water is saturated it is drawn off, and still .fuithcsr 
concentrated by boiling in leaden, or platina vessels. 

This acid is never quite pure, but always contains mor^ 
or less sulphate of potash, in consequence of the decomposi- 
tion of the nitrate of potash, or nitre, and also a portion of 
sulphate of lead, the acid dissolving a small quantity of that 
metal during the process. 

From Dr. Ures' paper on this subject, we learn that the 
common acid of the shops contains from 3 to 4 per cent of 
foreign matter, consisting chiefly of sulphate of potash, and 
sulphate of lead, and that it often contains much more than 
these proportions, in consequence of the introduction of nitre, 
to remove the brown colour, accidentally given the acid by 
bits of wood, or straw. 

The quantity of foreign matter may be readily ascertain* 
ed by weighing accurately a certain quantity of the acid, 
say 100 grains, and then evaporating the acid in a watch 
crystal or any other convenient vessel, when the solid mat. 
ter remaining in the crystal will show the percentage Ckf im* 
purity. 

The purest sulphuric acid obtained by the usual process 
has a speciflc gravity of about 1845, water being lOUO. If 
it is much heavier than this, adulteration by means of some 
ponderous substance may be suspected, and if much lighter, 
its strength will probably be found deficient in consequence 
of dilution with water. In consequence of the strong attrac* 
tion of this acid for water, with which it unites in all propor- 
tions, it absorbs moisture from the air with avidity, and thus 
when vessels containing it are left open, they gain in weight, 
instead of losing by evaporation. If carboys of this acid are 
permitted to stand in a damp place, as in a cellar, with the 
stoppers left out, there wiU pirobably be a gain in weight* 
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What impurities does tho salpharic a<»4 of commerce always «on- 
taiB ? What proportion of these 8uk8tance« does the common Milpba- 
ric acid ofthe shops contain f How may the quantity of foreign ma;^ 
ter in this aoid 1^ ascertaiaedf What is the sipecific gravity of the 
beet Ml Iphorieaeid, obtained by the asnal process? What it said of 
the abeorplioa «f water by this aoid, wtei Isft open ^ 
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which will amount to oauch more than the interest of the 
money the acid cost. It therefore becomes honest dealere, 
as well as careful buyers to see that this acid is well secured 
from contact with the ain 

This acid is one of the most caustic and corrosire of all 
substancos. When mixed in the proportion of four parts of 
acid with one of water, the temperature of the mixture rises 
to 300^, Its extreme activity as a caustic seems to depend 
Otn its avidiiy for moisture, and the heat occasioned by the 
union. On the entire skin, when this is dry, it produces no 
immediate effect, but if there is the smallest erosion or 
scratch, it operates on that part instantly^ and with the most 
intense and painful energy. The flesh appears to be first 
burned and then dissolved by its action. 

In case of any accident, where the concentrated acid is 
thrown upon the clothes or skin, as it is generally known 
that this acid burns, the spectators run for water, which is 
thrown on, with the intention of diluting the acid, and thus 
to prevent its further action. This, though meant in kind* 
ness to the sufferer, might bo the means of his destruction, 
for the degree of beat thus raised would be sufficient to 
destroy his skin, without the further action of the acid* 
In such cases there is much less danger in waiting, 'until 
some potash, chalk, or even ashes can be procured, and 
thrown on the part. Meantime the sufferer should be strip, 
ped of the clothing on which the acid has fallen, and the 
acid absorbed from the akin with a moistened sponge, or 
cloth, or-even a handful of dry clay thrown upon the part. 

Strung sulphuric acid boils at 620% and freezes at 15° be* 
low s^ero.. 

The dry acid is composed of 
1 equivalent of sulphur 16 
8 do. of oxygen 24 

40 
The common or hydro^sulphuric acid, contains, in addition 

In whfit proportions do^s a> raixtttre of this acid and water produee 
the greatest degree of heat ? On what does the causticity of this acid 
seem to depend f In case this acid is accidentally thrown upon a per- 
son^ what is said to be the best method of neutraliiin^ its effects f 
What is the composition of the dry acid ? What quantity of water 
does the strongest commoo acid contain ? What is the squivalant 
number for the hydro sulphuric add f 
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to the above, one proportion of water, making its equivalent 
number 49. 

* 

PHOSPHORUS 12. 

Phosphorus is a yellowish inflammable solid, which in the 
open air emits white fumes, and at common temperatures is 
luminous in the dark. 

This substance has never been found in a simple state, 
but 19 combined with animal substances in considerable 
quantities, and is occasionally found in minerals. 

It is obtained from bones by the following process. In 
the first place the bones are calcined, or burne^ in an open 
fire, and then pulverized, and digested for two or three days, 
with haff their weight of sulphuric acid, to which water is 
occasionally added. This solution is then mixed with twice 
its bulk of hot water, and the liquid separated by straining 
through a cloth. By this process, the bones which are com- 
posed of phosphoric acid and lime, are decomposed, and two 
new salts, viz. the sulphate of lime, and the hi-phosphaie of 
hme are formed. The sulphate of lime is insoluble in water, 
and therefore the filtrated solution contains only the bi-phos. 
phate, which is soluble. ^ Thus the bones, which are a phos- 
phate of lime, mixed with animal matter, are first deprived 
of this matter by burning, and then converted in part, into 
the bi.phosphate by the sulphuric acid. We have then, in 
this stage of the process a solution of the bi-phosphate, or 
acidulous phosphate of lime in water. This solution is then 
evaporated to the thickness of syrup, mixed with one fourth 
of its weight of charcoal in powder, and distilled with a strong 
heat in an earthen retort. The charcoal combines with the 
oxygen- of the bi.phosphate, which being thus decomposed, 
the phosphorus distills over, and is obtained in a vessel of 
water, into which the mouth of the retort is placed. 

Phosphorus thus obtained, is of a yellowish or flesh colour, 
but may be made colourless and transparent by redistillation. 

This substance is exceedingly inflammable, so that at 
common temperatures, it is necessary to preserve it under 
water, in well stopped bottles. It may be set on fire by 
slight friction or even by the heat of the hand. It is in- 

What is phosphoruf ? In what state is phosphorus found, in a sim* 
pie or combined state? By what process is phosphoms obtained? 
Describe the different ehemical changes which take place in the pro- 
gress of its preparation. What is said of the inflammabflit|r gf ^os- 
phoros ? In what manner most it be preserved firom tlie air ? 
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sohil^le in water, but is soluble in ether or oils, to which it 
eommunicates the property of shining in the dark. 

Put a piece of phosphorus into a vial half filled with olire 
oil, then keeping the thumb on the mouth of the vial, warm 
the bottom, shaking it now and then, until the phosphorus is 
melted. This forms liquid pJtosphorusy and a vial thus pre- 
pared may be occasionsdly useful to show the hour of the 
night by a watch. , All that is necessary for this purpose, is 
to hold the vial in the hand for a few minutes until it be- 
comes warm, then take out the cork, and the union of the 
oxygen of the air with the phosphorus, will evolve sufficient 
light to see the hour. 

That the light is owing to the combination of oxygen with 
the phosphorus, or to its slow combustion, in the above in- 
stance, is proved by the fact, that phosphorus may be melted, ' 
and sublimed in pure nitrogen without the least appearance 
of light. Its combustion in oxygen gas is exceedingly vivid, 
and affords a striking and splendid experiment for a public 
lecture room. 

When taken into the stomach, phosphorus proves a viru- 
lent and deadly poison, though in minute doses, it has been 
used as a medicine, when dissolved in ether. 

PHOSFHORirS AND OXYGEN. 

Fhosphoric Acid 28. 

1 p. Phosphorus 12-|-2 p. Oxygen 16. 

Phosphorus as above stated, unites with oxygen with great 
rapidity, and affords an instance of intense chemical action, 
attended with the most brilliant phenoAiena. During this 
combustion, copious white vapours are produced which fall 
to the bottom of the vessel in which the experiment is made, 
like flakes of snow. This white vapor is the dry, or anhy- 
drous phosphoric acid. If exposed to the air, it soon attracts 
moisture in sufficient quantity to dissolve it, and thus be- 
comes liquid phosphoric acid. 

HOW is liquid phosphonu pirepared ? f 'or what purpose may a vial 
of this mixture be useful ? How is it proved that the luminous appear- 
ance of phosphorus is owing to the abso^tion of oxygen ? W hat is 
said of the poisonous quality of this gas when taken into the stomach ? 
What is said of the union of« phosphorus and oxygen? In what form 
does the dry phosphoric acid appear? Why does this acid become 
liquid on expoeuro to the air f By what other method may this acid be 
fiHrmod? 
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This acid may also be fanned by the actioa ^f nitric ftcid 
on phosphorus. The union is oHide by dropping pieces of 
phcNsphonis into the strong acid« The phosphorus absorbs 
one proportion of oxygen from the acid, thus converting this 
acid into the deutoxide of nitrogen, or nitrous gas, which es< 
capes in immense volumes during the process. The pbo»> 
phorus is thus converted into phosphoric acid, which is ob. 
tained in the solid form by evaporating the solution to dry* 
ness. 

Phosphoric acid unites with water in all proportions, and 
produces a small degree of heat during the solution* Its 
taste is intensely sour, but it is not corrosive. When heated 
in contact with charcoal, the latter absorbs its oxygen, and 
the phosphoric acid is converted into phosphorus. 

This acid combines with various bases, and forms a class 
of compounds called phosphates. Its composition is 

1 proportion of phosphorus 12 

2 do. of oxygen 16 

Consequently its equivalent is 28 

Phosphorous Jlctc^— SO. 
1 p. Phosphorus 12+1 p. Oxygen 8. 

This acid is obtained by exposing pieces of phosphorus to 
the open air, in consequence of which it spontaneously absorbs 
oxygen, and undergoes a slow combustion. 

If two or three sticks of phosphorus be thus exposed in a 
glass funnel, set into the mouth of an empty bottle, the acid 
will be formed, and by attracting moisture from the air, will 
be dissolved, and pass down into the bottle, where afler a 
time may be found a quantity of liquid phosphorous acid. This 
acid combines with different bases, and forms salts which are 
called phosphites. Phosphorous acid, when exposed for some 
time to the air, absorbs another proportion of oxygen, and is 
then converted into phosphoric acid ; nitric acid, if mixed 
with it, produces the same efiects. 

There are several other compounds of phosphorus and ox- 
ygen, but these are the most important. The phosphates 

will be described in their proper place. 

II II I I ~ 

When phosphorus is thrown into nitric acid, what are the ohomical 
changes which ensae P In what manner does charcoal convert phos- 
phoric acid into phosphorus? What is the composition, and what the 
combining number of this acid ? How is phosphorous acid obtained f 
What are the salts called which this acid forms with the difl^rmt 
bases i 



I6S 



BORON — 9. 



There is a solid substazice^xetteiiiblii^ alum lAappearaiioei 
which is used ia medicine aod the arts, uoder Ihe BasM of 
horax^ From borax there is ejdracted an acid, eatied Uus 
boradc acid. When boracic acid is heated ia contact with 
the metal called potassium, the metal, having aatrong affinity 
for oxygen, deprives the acid of that principle, and thus its 
base, called Won, is set free. This, so fac as is known, is 
an element;. Boron is insoluble in wateir, alcohol or ^. iM 
may be exposed to the strongest heat ia a close vessel, with, 
out change, but when heated to about 600^ in tha open ak, il 
takes fire, bums vividly, and by the al>a<Hrption of «aygei^ i$ 
again converted into boracic acid. 

Boradc Add. — This is the only known compound of boron 
and oxygen. It is a natural product, occasionally found in 
springs, and also in several salts, of which borax, or the ho- 
rate of soda is the principaL 

The acid may be obtained from the borate of soda,, by dis* 
solving that substance in hot water, and then adding sulphuric 
acid until the solution becomes sour. Sulphuric acid com- 
bines with the soda, forming sulphate of soda, or Glauber's 
salt, while the boracic acid thus set free, ia formed when the 
water cools>, in small crystals. It is not readily soluble in 
water, but alcohol dissolves it freely, which set on fire, bums 
with a beautiful green flame. , This green flame is a good 
test of the presencje of boracic acid in any composition. 

This acid is composed of 

Boron 1 proportion 8 
Oxygen 2 do. 16 

The combining p. of this acid is therefore 24 

' CHL0KII7E — 36. 

OxymmriaUc Add^ 

This higlily irapostant and useful gas in obtained by the 
aotton of muviatic aeid, on bliick, or peroxide of manganese. 
The most eottrenient mode of preparing it is by mixing strong 

How 18 boroa obtained r Is boron a compound, or an elementaij 
body r What are the properties of boron?- What is boracic acid? 
How may boracic acid be obtained ? What is the common name for 
borate of soda ? What is the best test for the presence of boracic acid ? 
l^hat arethe elements of boracic add, and what is its combining num- 
ber ? How is chlorine obtained ? 
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muriatic acid, contained in a refoit, wi^h half its weight of 
the manganese in fine powder, and then applying a gentle 
heat. 'Die gas may he receiveci in glass bottles filled with 
water, and inverted in the pneumatic cistern, in the usual 
way. The water should be warmed, to prevent absorption. 
A cheaper mode of obtaining this gas, is to mix three parts 
of sea-salt, powdered, with one of the manganese, in a tubu- 
lated retort, [fig. 38,] and then to pour in two parts of sulphu- 
ric acid, diluted with an equal quantity of water. By the 
heat of a lamp, the gas will be extricated in abundance. 

This gas is of a yellowish green colour, the name, chlorine, 
in Greek, signifying green. It has an astringent taste, and 
is so exceedingly suffocating, that a bubble or two let loose 
in a room, will excite coughing and a sense of strangulation. 
Ck>ld water, recently boiled, will absorb twice its volume of 
chlorine, which it gives out again on being heated. 

The specific gravity of this gas is 2.5, so that it is more 
than twice as heavy as atmospheric air. 100 cubic inches 
weigh 76.25 grains, while the same quantity of common air 
weighs only 30.5 grains. 

Chlorine was formerly called axytnuriatic acid, from the 
opinion that it was composed of muriatic acid and oxygen. 
But according to the logic of chemistry, it is now universally 
considered a simple body, having never been decomposed, 
though repeatedly submitted to the most active decomposing 
agents known to chemists. Sir H. Davy submitted it to the 
most powerful efifects of galvanism, and to charcoal heated 
to whiteness, without decomposition, and without separating 
the least trace of oxygen from it. Hence, according to the 
present state of knowledge, it is an elementary body. 

Chlorine is a supporter of combustion. When a lighted 
taper ii^ plunged into this gas, it bums with a small red flame, 
emitting a large quantity of smoke. Phosphorus takes fire 
in it spontaneously, and so do several of the metals. 

Fill a deep bottle, or large tube with this gas, and set it 
upright, with the mouth covered by a plate of glass. Have 
some antimony prepared, by being pounded in a mortar ; 

What are the two processes, described, of obtainiof it ? What is 
said of the colour and suffocating effects of this gas f What is its spe- 
cific gravity f What was the former name of this gas ? Does this gas 
contain any oxygen f What is said of the experiments of Sir H. Davy 
HP chlorine ? Js this an elementary, or a compound body f Is chlo- 
rine a supporter of combustion ? What substances take fire in this gu 
spontaneously f 



^ 
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then slide off the cover and pour in the metal. It will take 
fire before it reaches the bottom, and afford a beautiful shower 
of white flame. This affords an elegant and striking experi- 
ment. The metals, tin^ zinc, copper, arsenic, and even gold, 
when in the state of powder, or thin leaves, will be inflamed 
in the same manner. ! 

Chlorine has a very strong attraction for hydrogen, but it 
is through the mysterious influence of light, that the combina- J 

tion between the two substances seems spontaneously to be i 

effected. 

Thus when a mixture between these two gases is kept in 
the dark, no combination ensues, but if exposed to the direct 
light of the sun^ they combine suddenly and with a violent 
detonation. 

This gas, though formerly called an acid, does not appear 
to possess any acid properties. It is not sour to the taste, 
nor does it redden vegetable blue colours, properties nearly 
universal in the acids. 

But the most important property of chlorine, is its bleach, 
ing power, all vegetable and animal colours being discharged 
by its action. For this purpose, it is combined with quicklime, 
forming cMoride of lime, or bleaching powder^ an article very 
extensively employed at the present time, and which will be 
described, and its properties examined in its proper place. 

Another very important property of chlorine is its disin- 
fecting power, any infectious or disagreeable odor being al- 
most instantly destroyed by it. Forthis purpose the chloride • 
of lime is also chiefly employed. The compounds of chlo- 
rine which are not acid, are called cMorideSy or chlorurets. 
When chlorine, united to oxygen, combines with a base, and 
fomis a salt, it is called a cldorate. These were formerly 
called hyperoxymuriates* They possess no bleaching pro- 
perties. 

In what maimer may a shower of flame be made by this gas and a 
metal? What is said of the union between this gas and hydrogen? 
D^» chlorine contain any of the properties of an acid ? What is the 
most important property of chlorine ? What does chlorine form, when 
combined with quicklime f What other important and useful property 
has this gas ? What are the compounds of chlorine which are not acid 
catted f 

15 
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CEtLORINB Ain> HYDROOKlf. 

Muriatic Acid — 37. 
1 p. Chloriae 36+1 p. Hydrogen 1. 

We have just seen that qhlorine has a strong ajQinity for 
hydrogen, l)ut that no union takes place between them, with* 
out the influence of light. When the light is entirely exclu- 
ded, a mixture of these gases remains without change. WheQ 
the mixture is nlade in a glass vessel, and exposed to the light 
of day in the shade, the gases, if of equal volumes, slowly 
combine, and form muriatic acid gas. But when the mixture 
is exposed to the direct rays of the sun, the union is sudden, 
and attended by an explosion. 

This combination does not change the volume of the origi- 
nal mixture, but the properties of the two gases are greatly 
changed. If the vessel in which the experiment has been 
made is unstopped under water, the fl\iid will in a few mo- 
ments entirely absorb its contents, and fill the vessel in its 
place, while the two gases, before combination, wete absorbed 
by water only in small proportions. The peculiar odour of 
chlorine, and its prompt bleaching property, are also destroy- 
ed, and other change of properties will become apparent on 
further examination. 

The compound formed by the union of chlorine and hydro- 
gen is called muriatic acid gas. This gas is composed by 
weight of 

1 equivalent of chlorine 36 
, 1 do. of hydrogen 1 

Combining weight of muriatic acid gas 37 

The production of muriatic acid by the combinatinn of its 
elements, is designed to prove its constitution, and combining 
proportions. This acid is, however, much more readily pre^ 
pared, by the actioh of sulphuric acid on common salt» 

If the salt be pulverized and mixed with an equal weight of 
the acid, and then the heat of a lamp applied, muriatic acid 

When a miztare of hydrogen and chlorine is kept in the dark, what 
eHange takes plaice ? When placed in the shade, what is the effbet? 
When the mixture is placed in the sun, what effect is produced ? Wluft 
are the changes produced on these gases by this combination ? Wkal 
is the name of the new gas ? What \b said of the absorption by water 
of chlorine, and hydrogen, and also of muriatic acid gas ? What tt the 
eomposition of muriatic acid gas, and what is its combining niattltar? 
How is this gas most readily and conveniently prepared.' 
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gas will be disengmged. But it mast not be received over 
water, whicb will absorb several hundred times its own bulk 
of this gas. 

Muriatic acid gas is a transparent, elastic fluid, of a very 
pungent smell, and intensely acid taste. Its attraction for 
water is so great, that when it escapes in the open air, even 
in the dryest season, it instantly forms a white cloud in con- 
sequence of combining with the moisture of the atmosphere. 

Water, at the temperature of 40^, absorbs- 480 times its 
bulk of this g^9, and the solution is known under the name of 
muriatic acid, or spirit of sea salt, and is largely employed for 
chemical and manufacturing pur[^08es. 

This acid is prepared in the large way by extricatiu the 
gas from sea salt by sulphuric acid, as above described, and 
then passing a current of it into water, as long as any is ab. 
sorbed. 

When this gas in a pure state is submitted to the pressure 
of 40 atmospheres, that is 600 pounds to the square inch, it 
IS condensed into a liquid. 

CHLORINI! AND OXYGEN. 

There are four compounds of chlorine and oxygen, formed 
by the union of as many different proportions of the oxygen 
to the same proportion of chlorine. These compounds are 
known only to chemists, and with the exception perhaps of 
chloric acid, possess no value in the arts. They are all form- 
ed by the action of an acid on the chlorate of potash, or the 
chlorate of barytes. The chief interest which these substan- 
ces possess, in a chemical relation, is their strict conformity 
to the laws of definite and multiple proportions. Their names 
and constituents are as follow. 

Protoxide of chlorine, 36, chlorine +8 oxygen. 
Peroxide of chlorine, 36 « —32 « 
Chloric acid 36 " —40 « 

Perchloric acid 36 « —56 « 
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Why does maritttic acid gas form a white cloud in the open air ? 
How many times its own bulk of this gas, will water a,hsorb? Under 
what name is this solution of gas in water known ? How is the muri- 
atic acid of commerce prepared ? Under what pressure is this gas con- 
densed into a liquid ? How many compounds of chlorine and oxygen 
are known ? Do the compounds of chlorine and oxygen posseM any 
value in the arts ? In what relation are the compounds of chlorine and 
oxygen interesting? 
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Thus the first is composed of 1 proportion of chlorine 
combined to 1 of oxygen. The second, 1 of chlorine and 4 
of oxygen- The third, 1 chlorine and 5 oxygen. The fourth, 
1 of chlorine and 7 oxygen. 

The equivalent number, therefore, for the first is 36+8= 
44 ; for the second, 36+32=:68 ; for the third, 36+40=76, 
and for the fourth 36+56=92. 

chlorine' AND NITBOOEN. 

Chloride bf Nitrogen, 158. 
4 p. Chlorine 144+1 p. Nitrogen 14. 

This curious compound was discovered by Dulong, a 
French chemist, in 1811. Chlorine and nitrogen have but a 
very slight afiinity for each other, but they may be made to 
combine by passing a current of the first through a solution 
of nitrate of ammonia. (Nitric acid, it nAay be remembered, 
consists of the two elements, oxygen and nitrogen, and am- 
monia is composed of hydrogen and nitrogen. By the union 
of these two compounds, nitrate of ammonia is formed.) To 
prepare chloride of nitrogen, dissolve an ounce or two of the 
nitrate of ammonia in 14 or 16 ounces of hot water, and when 
the solution has cooled to about 90 degrees, invert in the solu- 
tion a glass jar, with a wide mouth filled with chlorine. The 
solution gradually absorbs the chlorine, and consequently 
rises in the jar ; at the same time acquiring a yellow colour. 
In about half an hour, minute globules of a yellow fluid, like 
oil, are seen floating on its surface. These, by uniting, ac 
quire the size of small peas, when they sink to the bottom of 
the vessel. These globules are the chloride of nitrogen. 
They are formed by the decomposition of the ammonia in 
the solution ; the chlorine combining with its nitrogen, and 
thus forming the compound in question. A cup of lead, or 
glass, should be placed at the bottom of the solution, and un- 
der the mouth of the jar to receive the product. 

The chloride of nitrogen is the most vi|L^ly explosive 
substance yet discovered, and should not be Experimented 

What is the atomic weight or chemical equivalent of chlorine? What 
are the names, and what the combining numbers of the four com- 
pounds of chlorine and oxygen ? What is said of the aflnity between 
<ihlorine and nitrogen ? What is the composition of nitrate of ammo- 
nia? How is the chloride of nitrogen prepared? What chemieai 
changes take place in the formation of chloride of nitrogen ? What 
qautions are given with respect to experimenting on this compound ? 



upon by the student, in quantities larger than a mustard seed 
at H time, and even in this quiintity, with gr^at caution. Both 
its discoverer and Sir H. Davy, notwithstanding their expe- 
rience and caution as chemical experimenters, were seri- 
ously injured hy its violence. At the temperature of ahout 
200 degrees, it explodes, and at common temperatures, when 
thrown on some combustible. When a small globule is 
thrown into olive oil, or spirit of turpentine, it explodes with 
such violence as to shatter any vessel of glass in pieces. 

The violence of its detonation is owing to the great volume* 
of the products which are formed tt the instant. The com- 
pound consists wholly of the two gases, chlorine and nitro- 
gen, condensed, and combined with each other. When, 
therefore, the explosion takes place, these two elements as- 
sume their gaseous forms, thus in an instant, occupying a vast 
space, when compared with their former sttfte. 

Chloride of nitrogen consists of 

1 equivalent of nitrogen 14 
4 *< of chlorine 144 



Making its number, 158 

lODINS 124. 

The next simple substance we shall examine is iodine. Its 
name signifies in Greek '< violet coloured," because when on 
the state of vapor, it is of a most beautiful violet colour. 

Iodide was discovered at Paris by a manufucturer of nitre, 
in 1812. This substance is obtained from the ley made of 
the ashes of marine vegetables, or from the substance called 
kdp, or bariUoj which is an impure ' alkali, made during the 

Tmufacture of soda. The process is as follows. 
Dissolve the soluble part of kelp, or the ashes of sea weeds 
in water ; concentrate the solution by evaporation, when 
crystals of carbonate of soda will appear, which must be 
separated. Then pour the remaining liquor into a clean ves- 
sd and mix with it an excess of sulphuric acid. Boil this 
liquid fof somef^;^ and then strain it through a cloth. Put 

At what temperature does this compound explode f What eom- 
bustible sabstances cause it t« explode at common temperatures? Ex- 
plain the cause of its violent explosion f What are the combining 
numbers for its constituents, and also for the compound? What does 
the name Iodine signify, and from what circumstance has it derived its 
name ? By what process is iodine prepared f What is the appear- 
anoe of iodine? 
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this liquid into a small flask, and mix with it as much black 
oxide of mafiganese by weight, as there was sulphuric acid ; 
then attach to the mouth of the flask a glass tube, closed at 
the upper end, and apply the heat of a lamp to the flask. 
The iodine will be sublimed and will attach itself to the tube 
in small brilliant scales resembling black lead. 

Iodine thus obtained is a friable solid, with a brilliant me- 
tallic lustre, and bluish gray colour. Its taste is hot and acrid, 
and it is sparingly soluble in water. It corrodes the cork of 
the vial in which it is kept, and escapes — is a strong poiscm 
when taken in large doses ; but in solution with alcohol, 
which dissolves it freely, has been considerably used as a 
medicine. 

When heated in a r^ort to about 250 degrees, it evaporates 
and fills the vessel with an exceedingly rich violet coloured 
gas. As the retort cools, it again condenses in fine brilliant 
points. resembling frost on the glass. If exposed to the open 
air it slowly evaporates, and if handled, it leaves a brown 
stain on the fingers. 

Iodine resembles chlorine in smell, and in some of its pro- 
perties, particularly in destroying vegetable colours. Like 
oxygen and chlorine, it is a non-conductor of electricity, and 
is a negative electric. So far as is known it is a simple body. 
It has a strong attractioa for the pure metals, and the simple 
non-metallic substances, such as sulphur and phosphorus. 
These compounds are called iodides. 

From experiments made by Dr. Thompson, the atomic 
weight of iodine is 124. 

The best test for iodine in its free state is starch, with which 
it forms an insoluble compound in water, of a deep blue 
colour. This test is so delicate as to indicate the most mi- 
nute portion of starch in solution. 

Iodine combines with hydrogn, oxygen, and chlorine, form* 
ing hydriodic dcid, iodic cund^ and cMoriodic add. Among 
these, the hydriodic acid, only, is of any importance or uae. 



What are its sensible properties f What are itaMkes ? What is the 
effect when it is heated in a retort ? When ezjmsad to the open air 
what is the consequence ? In what respects does iodine resemble 
chloiine ? What is its electrical state ? Is iodine a simple or a com- 
pound body? For what substances has iodine a strong attraction? 
What is the atomic weight of iodine ? What is the most delicate test 
for iodine ? 
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IODINE AND HTDH06SN, 

Hydriodic add 125. 
1 p. Iodine 124+1 p* Hydrogen 1. 

When iodine is heated in a porcelain tube with hydrogen 
gas, the two substances combine and form a compound in 
the form of a gas, which has acid properties, and which is 
rapidly absorbed by water. This is the hydriodic acid. 

This gas is without colour, is very sour to the taste, reddens 
the blue colours of vegetables, and has an odour similar to 
muriatic acid gas. 

It combines with alkalies forming salts, called hydriodates. 

The discovery of iodine was one of the means of subverting 
the former doctrine, that oxygen was the universal acidifying 
principle, the above instance showing that an acid, having all 
the properties of oxygenation, is formed by the combination of 
hydrogen with iodine. Several other instances of a similar 
nature have been discovered, as in the case of muriatic acid. 
These instances appear, however, to be only exceptions to a 
universal principle, oxygen being still the acknowledged agent 
by which most acids are formed. 

Hpdriodate of Potash, This is given a place here, instead 
oC among the saks, because it is the only salt of the kind to 
be described, and because in maitufacturing this compound, 
the method of obtaining the hydriodic acid is different from 
that stated above. It is the only hydriodate of any use, or 
importance, and does not exist as a salt in a separate state, 
but only in solution. 

In preparing hydriodate of potash for medical use, the pre- 
liminary labor of forming the acid may be dispensed with, 
and the salt in solution, may be formed by a very simple pro- 
cess as follows. 

Add to a hot solution of pure caustic potash in water, as 
much iodine as it is capable of dissolving. This will form a 
solution of a reddish brown colour, consisting of the iodate 

How may hydriodic acid be formed ? What are its sensible proper- 
ties ? What are the salts called which this acid forms with alkalies ? 
How does this acid demonstrate that oxgyen is not the aniversa! acidi- 
fying' principle ? Are there any other instances in which an acid il 
rormed without oxygen ? What is said relative to these exceptions to •' 
a general principle P How is the hydriodate of potash formed ? What 
does the reddish brown solution consist of ? 



172 BBOMINS. 

and hydriodate of potash, together with an excess of free 
iodine. 

Through this solution, a current of IndpkureUed hydrogen 
gas is transmitted until the free iodine, and iodic acid are 
converted into hydriodic acid, changes which may he known 
to be accomplished by the appearance of the liquid, which 
will gradually lose its brown colour, and become colourless 
and transparent. The solution is then heated to expel the re« 
maining sulphuretted hydrogen, and afler being filtered, is 
pure hydrio<late of potash in aqueous solution. This solution 
is considerably employed as a medicine in scrophula, and 
other glandular diseases. 

BROHINB 75. 

The name bromine is from the Greek, and signifies a 
*« strong, or rank odor," 

Bromine, after undergoing various and multiplied tortures 
by means of the most powerful decomposing agents, is arrang- 
ed as an elementary body, having endured fire, galvanism, 
&c., without loss of integrity. 

It was discovered by Balard, of Montpelier, in 1826, and 
like iodine, exists in the ashes of marine vegetables, and also 
in sea water. 

The process of extricating it is too intricate to be detailed 
in this work, nor would it ever be undertaken by pupils in 
chemistry, for which this book is designed. 

Bromine is a fluid of a hyacinth red colour, when viewed 
by transmitted light ; but of a blackish red, when seen in the 
ordinary manner, or by reflected light. Its odor resembles 
that of chlorine, but is much more disagreeahle. Like iodine, 
it corrodes wood or cork, and stains the fingers of a yellow- 
ish hue. Its specific gravity is 3. It is a strong poison. 
It is volatile at common temperatures, and emits red yapors 
similar to those of nitrous acid. 

A lighted taper is soon extinguished by it, but before going 
out it bums with a flame which is green at the base and red 
at the top. 
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How is it known when a sufficient quantity of sulphuretted hydrogen 
has been passed through the solution of iodine ? What is the use of 
the hydriodate of potash ? What does the name bromine signify ? 
Is it an element, or a compound ? In what substance does it exist? 
What is the appearance of brqmine ? In what respects is it similar to 
iodine ? 
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Bromine does not turn blae vegetable colours red, but like 
chlorino destroys them. 

From these properties it is obvious that this new substance 
has many characters in common with iodine and chlorine. 

Bromine combines with oxygen, hydrogen and chlorine, 
but tliese compounds are little ^own, and of no interest ex- 
cept to professed chemists. 

Its equivalent number as seen at the head of this section, 
is 75. 

Fluoric Acid — 10. 

It is a singular circumstance in chemistryj that the base 
of the fluoric acid has never been detached from the acid 
itselC notwithstanding every effort has been made on the 
part of the chemists to effect a separation. It will be re- 
membered that all the other acids consist of a base united to 
an acidifying principle, and that the two elem^ents have been 
examined in separate states. Thus sulphuric acid consists 
of sulphur and oxygen. Carbonic acid, of carbon and oxj. 
gen, 4&c. 

The base of this acid however, has been named ^uorm^, 
but whether this is united to oxygen as the acidifying prin- 
ciple, ot whether such a base exists or not, is of course un- 
known. Fluoric acid must therefore at present be examined 
as a simple body, or in connection with substances to which 
it unites. 

This acid exists in nature in considerable quantities, be- 
in^ found combined with lime, forming the salt caXled JUuaie 
o/limey but more commonly known under the name of Derby" 
shire spar. This latter substance is found crystallized, and 
of various colours intermixed, forming when polished, one 
of the most beautiful productions of the mineral kingdom. 
It is in common use, for vases, candlesticks, snuff boxes, 
dtc. 

To obtain fluoric acid, a quantity of fluate of lime is pow- 
dered, and submitted to the action of twice its weight of 
strong sulphuric acid in a retort of lead. On the applica- 
tion of a gentle heat to the retort the acid distils over, and 
must bo received in a leaden vessel. 

In what respect does it resemble chlorine in its properties? What 
is the equivalent namber of bromine ? Has the base of fluoric acid 
ever been detached from the acid itself? Is the same true of any of 
the other acids ? What is the base of fluoric acid called ? Is it known 
that any such base exists ? What natnral substance contains fluoric 
&cid ? Ildw is flaorlc acid obtained from fluato of lime ? 
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Fig. 59. The retort and receiver, fig. 

59, made of sheet lead^ aad 
'soldered together on the edges, 
and the juncture between them 
stopped with a lute of clay, will 
.answer very well. The white fluor must be selected for this 
purpose, as being most pure. It is first put into the retort, 
the acid poured in, and then connected with the recover, 
which must be surrounded with a mixture of common sail 
and snow, or powdered ice. 

Fluoric acid, at the temperature of 32^, or the freesdng 
point, is a colourless liquid, and will retain its liquid state 
if preserved in well stopped bottles, when the temperature is 
60°. But if exposed to the air when the temperature it 
above 32°, it flies oflTin dense white fumes, which consist of 
the acid, and the moisture of the air with which it com- 
bines. 

No substance with which we are acquainted has so Btnmg 
an affinity for water as fluoric acid. Jts liquid state appears 
to be owing to the water which is distilled over from the soli 
phuric acid during the process of obtaining it, and no process 
yet devised has succeeded in freeing it entirely from mob- 
ture. When a single drop is let fail into water, a hissiiig 
noise is produced, like that occasioned by the plunging of a 
red hot iron into the same fluid, such is the heat produced bj 
its combination with water. 

In experimenting with this fluid, the utmost caution is neces- 
sary ; for no substance so instantly and efiectually disorgan- 
izes the flesh, and produces such deep and obstinate ulcen 
as this. The least particle would inevitably destroy an eye, 
or create an obstinate ulcer on any other part. 

Fluoric acid has the singular property of corroding ^^ass, 
and may be used for this purpose in the fluid state, as above 
described, or in the gaseous form, the latter of which, n 
commonly the most convenient. 

Any design may be etched on glass by the following sim* 
pie method : 

First cover the glass with a coat of bees wax, or engravers' 

What is tbe appearance of fluoric acid at the temperature of 32 de> 
grees ? What is its appearance when exposed to the open air, at a 
temperature above 32 degrees f What is said of the affinity of thi» 
acid for water ? What is said of the action of this acid on the flesh? 
What is said of the singular action of fluoric acid on glara ^ Da* 
fcribe the method of making designs on glass. 
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vamirii. If wak is used, it miMt be spread over the sorface 
as thin as possible. This is done by heating the glass over: 
a lamp, and at the same time nibbing it with wax. A thin- 
and even coat may thus be obtained. 

Neixt draw the design by cutting the wax with a sharp 
pointed instrument, quite down to the glass, so that every 
line may leave its snrface naked ; otherwise the design will 
be spoiled, since the acid will not act through the thinnest* 
film of the wax. A large needle answers for a graver for 
this purpose. 

Having made the design, the etching is done by placing 
the glass in a horizontal position and pouring on the liquid 
acid. But a simpler method is the temporary extrication of 
the gas from the fluor spar, for the occasion. For this pur- 
pose, take a lead or tin cup, large enough to include the 
figvres on the glass, the lower the better, and having placed 
on its bottom a table spoonful of powdered spar, pour on it 
a quantity of strong sulphuric acid sufficient to form a paste. 
Then place the glass on the cup, as a cover, with the etch- 
ing downwards, and set the cup in a dish of hot water, or ap- 
ply to it the gentle heat of a lamp, taking care not to melt 
the wax. In twenty or thirty minutes the etching will be 
finished, and the wax may be removed with a little spirit of 
turpentine. In this manner figures of any kind, may be 
permanently and beautifully done on glass. 

COMBINATIONS OF SIMPLE NON-METALLIC COMBUST!- 

M.ES WITH EACH OTHER. 

CABBOir AND HTDBOOEN. 

CarhureUed Hydrogen"^* 

1 p. Carbon 6+2 p. Hydrogen 2. 

Light Carburetted Hydrogen. 

This gas has also been called hydro-carburet^ and heavy 
mflammable air. 

It exists in every stagnant pool of water, especially during 
the warm season, being generated by the decomposition of 
vegetable products. 

To obtain it from such places, fiD a glass jar with water, 

AAar the design is formed, in what muiner is the etching done ? 
What are the names under which carburetted hydrogen has been 
' known ? In what places has this gas been fonned by ths operati<ms of 
' nature ? 
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and invert it in a stagnant pool or ditoh ; then stir the mud 
under it with a^ stick, and the gas will rise and displace the 
water in the jar. To preserve it for examination, slide a dish 
under the mouth of the jar while in the water, and then 
carefully raise and carry the whole to the place of experi- 
ment. ' 

The gas so obtained is found to contain a proportion of 
carbonic acid gas, which may be removed by passing it 
through lime water. 

This gas is composed by weight of 

1 equivalent of Carbon 6 

2 do. of Hydrogen 2 

8 

It is immediately destructive to animal life, and will not 
support combustion. It is highly inflammable, and bums 
with a yellowish blue flame, but owing to the carbon it con- 
tains, it gives considerable more light than pure hydrogen. 
Mixed with atmospheric air, like hydrogen, it detonates 
powerfully when inflamed. When burned with oxygen, the 
product of the combustion is water and carbonic acid. 

There appears to be several varieties of light carburetted 
hydrogen, or perhaps the diflerence may depend on a mixture 
of the light and heavy kinds. If a volume of steam be 
sent through a red hot gun barrel filled with charcoal, the 
gas obtained difiers little in its illuminating powers from that 
obtained from stagnant ^ pools. Nor is there any material 
difference between these and that evolved by the burning of 
common wood, such as maple or beach, in a gun barrel. But 
if pine wood containing turpentine, be heated in the same 
manner, the gas obtained has much greater illuminating pow- 
ers, the brilliancy of the flame being nearly equal to that 
of oil gas. Now as by analysis there appears to be only 
two kinds, or varieties of carburetted hydrogen ; in the first 
of which there is but one proportion, and in the second 
two proportions of carbon, it is most probable that these 
diflerent powers of Ulumination depend on a mixture of the 
two gases. 

' *■ — -~- — ^— — — -^^ - I 

How may it be obtained from stagnant pools of water f What gw 
is Gommonly found mixed with this ? What is the atomic composition 
of carburetted hydrogen f How does it affect animal life and combus- 
tion ? When burned, why does this gas give a stronger light than pare 
hydrogen ? What is said concerning the several varieties of carburet- 
ted hydrogen? 



This gas flomekkM»ewt& in l«3rge qoatiUti^i in eoal nuaes, 

nod is k&owa by the miners. under the name ot. fire-dampp 

The most shocking aecideots, haye often occurred- in conse^ 

quence of the .explosion of this gas in the mines, when mixed 

with atmospherie air. In some mines» this^gas flows from the 

coal beds in vast quantities, being obviously the product. of 

the decomposition of water by the coal. But in what manner 

the water is decomposed, is unexplained. Did the' process 

consist in the formation of sulphujric acid, in consequence of 

the oxygenation of the sulphur, and the subsequent action of 

this acid on the iron^ of the sulphuret of iron, there would be 

formed wlpkareUedf instead of carburetted hydrogen. 

. There are no faots,^ it is believed, which warrant the supp€»> 

sition, that m ordinary cases, the decomposition is consequent 

upoa the heat, or ignition of the coal. Possibly in such vast 

.bodies of coat as are found to exist in some mines, the water 

is slowly decomposed, by gradually imparting its oxygen to 

the carbon, without the aid of heat. 

We have already stated that when carburetted hydrogen is 
.mixed with atmospheric aijr, and inflamed, a violent explosion 
is the consequence. In the coal mines of England, the miir- 
ture of atmospheric air and the gas in question, oflen produ- 
ces such an explosive compound. It appears that the miners 
have no certain means of ascertaining the presence of this 
gas, probably becausCy being much lighter than the atmos- 
pheric air, it at first rises to the roof of the mine, and then 
gradually descends towards the floor. . As the miners work 
entirely by the light of lamps, one of which is sufficient to set 
.fire to the explosive compound existing throughout the whole 
cavern, it is obvious, that as soon as the hydrogen has mixad 
with the air near the floor of the mine in the exploding pro- 
portions, it must inevitably take fire. It can readily be ima- 
^Qod» particularly by those who have witnessed the detonation 
of. a pint or two of this compound, that a quantity covering 
many acres of surface, and extending upwards in some places, 
at least, several hundred feet, must produce the most awful 
consequences^ 

Under what name is this gas known, when it oecurs in coal-minea? 
In what manner is this gas fonned in coal-beds ? What are the remarks 
on this subject ? What is the consequence, when this gas is mize<i 
With Atmospheric air' and inflamed f In what situations is it said that 
ooilonve compomids are thus fonned f What is the reason that the 
jQl^cs ton not i^wais of the existsnea of this oompoond unta the whole 
tafces fire ? 

16 
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Bath oxpiMRMM hnam often telDia pkce in tlte'eoid«iiitM( 
m difierent parte of England. TkH iriitoh h«p)^ned m a 
fliiiie called FdHfi^ eoU&Fyf m NoftimrnberlaMi, on the S6th 
ief May, 1813, was attended with the lees of d3 live*, and 
•pread poverty and wretobedims tbrooghoirt the whc^ dk- 
trict. Most of these men had wives mi children, who de- 
pended entirely on their daily labour for support, and wIk^ in 
add^ion to the loss of their hmbands and fathers^ by so siid. 
4en and awlnl a dea^, were m a moaent deprived of the 
means of sabsistence. 

' This mine had been wiotttht a eentnry or more, and only 
a single aocideot firosa fire*ikmp had before happened, and 
^is WHS so trifling, as only to slightly^bium two or thre» work- 
imen. Twenty.five acres of coal had been excavated in this 
4mine, and the number of men emplc^ed under ground, at the 
lime of the accident, was 128. The expkision took {daoe be- 
'tween the hours oi 11 and 12 in the morning. The fire was 
seen to issue from two shafts leading to the mine» and called 
WUMam and John, and at the same instant, the noise of the 
explosion, which was heard three or four miles, and the trem- 
hliiig of the earth, showed that an awful accident had hap- 
pened there. f 

The force of the expanded 'gas was such as ta throw fr<Mn 
the two ^afts immense clouds of dust, and small coal, which 
-rose high in the air, and also pieces of wood and working im- 
plements, which fell back near the shafts. As soon as the 
explosion was heard, the wives and children of the eoUieis 
came by hundreds to the. place. But not a single person 
who was in the mine during the accident, was to be seen. 
Terror and dismay was pictured on every countenance ; some 
were crying out for h ikther, some for a son, and others ft>r a 
husband. 

The machinery for entering the mine, being shatl^ed by 
the blast, it was at first impoB)«ible to go down, but the ucgency 
of the occasion soon impelled those present to find the means 
of entering the shaft ; and in about half an hour from the 
time of the explosion, 32 persons, all who remained alive cot 
of 121, who were in the mine, were brought out. It appear- 
ed that of the whole number of the worfcmeh, seven had 
come up, on different occasions, before the explosion, and 
were unhurt. The wives and children oi those who were 
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What nhunber of lives w«e dsn^roy ed by sack an siploiiea at Fellii^ 
coUiery, in 1812 ? 



known to be Mill ia the siQe» waited ia • apfll heeit.ieB4iw 
state of anxiety, and those who bad their friends realt^eC 
seemed to suffer nearly as amch from exoess of |oy, |tf they 
had before done fzom suspense and grieL These horriea 
away with their firiends from the disoaal scene, while those 
who were still in suspense, or whose hopes ended in the 
dreadful certainty that their husbands «r fathers were indeed 
among the dead, still lingered about the pWee, silently en* 
during the torture of a &riom hope, and uttering cries of 
agony and despair. 

As the fate of many of the men was still uncertain, because 
they were in a different part ofthe mine, from those who had 
been found alive, the exertions of those aboye were unremit* 
ted, and in the course of an hour or two, many hundred people 
had collected around the sha^ all anxious to do every thmg 
in their power fi>r the sufierers. But it was soon found that 
the pit in some places, was still on fire, the gas probably con- 
tittumg to bum as it was extricated from the coal. It was 
also found by those who attempted to descend, Ibat where 
the mine was not on fire, it was filled with earbcMUcacidga% 
the product of combustion, and that therefore it was impossi* 
ble for any person to make fiirther examination without inev* 
itable deaith* Ckmaequentiy all hope of finding any of the 
unfortunate persons alive, who were ittill in the mine, was 
abandoned, and it was proposed that the shafts should be 
closed, in order to extinguish the fire* But the wives and 
children ofthe safferers, distracted at Uie ideaof seeing their 
friends buried alive, and still entertaining hopes of their re- 
covery, made the most pitiful importumties against such a 
course, while others became firantic with rage, and accused 
those of murder who proposed it. The owners of the mine, 
therefore, in mercy to the feelings of these distracted widows 
and orphans, waited until all were satisfied that no hapeB re- 
mained of ever again seeing their fnends alive, when the two 
shafts were closed with earSi. 

To insure the extinguishment ofthe fire, the mine was kept 
closed from the 27th of IMay until the 8th of July, on which 
day it was again opened and ventilated. On this oecasion,. 
the lamentations of the widows and cHrphans were again re- 
newed, and such was the crowd of people that assembled on 
the spot, some urged by feeling, and others by curiosity, that 
constables were in attendance to preserve order. Those who 
descended to seareh for the remains of these unfortunate suf- 
ferers, found no difficulty in breathing the air of the mine, 
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but were stfudflWth horror at the scettcj of 'destrudlion ilttd 
mutilation which the explosion had occasioned. 

The search continued until the 19th of September, when 
dl bodies had* been found, bi'ought up, and interred, but the 
98d never was found. ' 

' We have been thus parBcdlar in describing a dingle in- 
stance of the awful effects of the fire-damp in mines, that the 
leader might iblly appreciate the safety-lamp, an invention 
niai^ by Sir Humphrey Davy, expressly for the purpose of 
preventing such explosions, and which has proved completely 
successful. 

' Before the invention of this lamp, such explosions were 
more or less common, and all the mines were subject to them, 
(iiough none has been attended with such destruction to hu- 
man life, as that of Felling colliery. In 1915, such an oc- 
currence happened in a mine at Durham, and destroyed 57 
persons, and in an6ther mine 22 persons were killed in the 
same manner. 

' The invention of the safety-lamp was not owing to accident, 
but is the result of inquiries undertaken and pursued expressly 
for the purpose of protecting the miners from such horrible 
accidents as we have described above. 

Sir Humphrey Davy commenced his inquiries by deter, 
mining the proportions in which carburetted hydrogen and 
atmospheric air, in mixture, produce explosions, and found 
that when the gas is mixed with three or four times its vol- 
ume of air, it does not explode- at all. When mixed with five 
or six times its bulk of air, it detonates, feebly, but when the 
air is in the proportion of seven or eight times the bulk of the 
gas, the explosion is most powerful, and with fourteen time^ 
its volume of air, it still explodes, though slightly. He also 
found that the strongest explosive mixture would not take fire 
when in contact with iron heated to redness, pr even to white- 
ness, while the smelliest point of flame, owing to its higher 
temperature, caused an instant explosion. 

What other accidents of the saaie kmd are noticed ? Does It appear 
that all excavated ooal-minea are liable to s«ch accadentaf Who in* 
vented the safety-lamp, which protects the miners from such accidents I 
Was this invention accidental, or was the safety-lamp the result of in- 
quiry and experiment? In what proportions did Sir H. Davy find that 
carburetted hydrogen and common air exploded with the least fbrce^ 
and in what proportions with the greatest ibrce^? What did Sir H. 
Davy discover in respect to the communication of flame ^through iiaiw 
row tubes? 
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But the inott iioMrtant step in tUe inqiiii^ was deduced 
firom the fact, that name eannot be eommuiucated through a 
narrow tube. The iactutsielf was kaawn before, but Sir H. 
Davy discovered, that the power of tubes, ia this respect, is 
not necessarily connected with their lengths, and that a short 
oae is as efficacious in preventing the transmission of flame, 
as a long one, provided its aperture be reduced in proportion 
to its length. Pursuing this principle, he found that fine 
wire^auze, which may be considered as an assemblage of 
exceedingly short tubes, was totally impermeable to flame ; 
and on making the experiment, it was found that a lighted 
lamp, when completely surrounded with such gauze, might 
be introduced into an explosive mixture, without setting it on 
fire. 

Thus the means of .pieaerving the miners, a most useful 
and laborious class of people, from the dreadful efllects of the 
fire^mp, was at once developed. It only became.necessary 
to surround theu: lamps with a fine net* work of brass wire, to 
insure their safety from explosion^ This lamp also indicates 
the existence of danger ; for when the fire«damp in the mine 
is in a highly explosive state, it takes fire within the gauze, 
and bums there, while the light of the lamp itself is unseen. 
When the miners observe tUs indication of danger, they in- 
stantly leave the mine, for although the flame within the 
gauze will not communicate with the explosive mixture on 
the outside, while the gauze is entire, yet as a high degree of 



Fig. 60. 




heat would be kept up by the combustion 
Within the lamp^ the wire would soon be- 
come oxidated, and perhaps fall in pieces, 
when an instant explosion would be the 
consequence. 

The safety-lamp is represented by fig. 
dO. The cistern a holds the oil, and is in 
all respects a complete lamp, with a spout 
at the side, for feeding it. On the top of 
this is set the cylinder of wire gauze, h, sup- 
ported by three iron or brass rods, to which 
is connected the disc, or cover c, and to 
the cover, the ring, or handle by which 
the whole is carried. The drawing d, is a 



On punaing tius in^fay, wbat did Sir H. Davj difcover with ro- 
vpect to wire^fauae ? On this jmnciplo how wu it diaoovered that th« 
nusaa m^ht be protected from ezploiionB ? In what manner do these 
lamps indicate the pretence of danger ? 

16* 
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piece of wire pattiiig through a tube, showing the "maimer lo 
which the lamp is trimmed, and the wick rais^ without mak« 
ing any dangerous coinmunieation between the outside and 
inside of the lamp. This tube passes through the cistern 
containing the oii. 

The reason why the wire gauze obstructs the communica- 
tion of flame is easily explained. We have already stated, 
that according to the experiments of Sir H. Davy, the heat of 
flame is greater than that of a metal heated to whiteness, for 
the former occasioned a mixture of air and gas instantly to 
explode, while the iron, though white hot, produced no efiect 
Now the metals are all rapid conductors of heat ; when there- 
fore, the flame comes in contact with the wire, its temperature 
is so reduced by the conducting power of the metal, as to be 
incapable of setting fire to the gas which is on the outside. 
Any one may illustratie this principle, by holding a piece of 
wire gauze over the flame of a lamp, and then bringing his 
hand over this, as near the lamp as he can bear. Now on 
removing the gauze, he will find that he cannot, for an instant, 
bear the additional heat. 

Bi' Carburetted Hydrogen-^l 4. 

2 p. Carbon 12+2 p. Hydrogen 2. < 

> 

Olejiant Gas. 

To prepare this gas, mix in a capacious tubulated retort, 
three measures of alcohol, with eight measures of undiluted 
sulphuric acid, and then apply the hejat of a lamp. This 
mixture turns black, swells, and emits bubbles of gas in abun- 
dance, which may be collected over water, in the same man- 
ner as described for hydrogen. 

Alcohol is composed of carbon, hydrogen, and oxygen. 
During this process, the oxygen of the sulphuric acid appears 
to combine with a part of the carbon of the alcohol, in conse- 
quence of which, sulphurous acid gas is evolved, and the 
hydrogen is set free. At the same time, the hydrogen com- 
bines with another portion of the c^rbo^^ and escapes ia the 

Why does it become necessary for the ^en to leave the mine, when 
the explosive mixture burns within the gauze ? Describe the safety 
lamp, as represented at fig. 60, and point oat the uses of its several 
parts. Explain the reason why the flame is not commonieated through 
tfase wire gauze. How may this principle be illustrated by holding a 
-piece of wire gauae and the hand over a candle f How is olefiaat» or 
bi-carburetted hydrogen gas obtained ? What is the compoeitton ef 
alcohol ? 



&m of bt-c&fbuiittefl Wyirogen* Or perhaps tha evolotioii 
of the olefiant gas is owing to the strong attractioii whieh the 
solphurio acid has tor the water which the alcohol contains, 
and by combining with wltteh^ the hydrogen and carbon are 
liberated. 

Olefiant gas is colourless- and elastic. It possesi^esno 
taste, and when jwre, little smell, though wheu not purified, 
it has a faint odour of ether. When mixed with oxygen and 
inflamed, it explodes with vic^ence. 

This gas is a little lighter than atmospheiic air^ 100 cubic 
inches weighing 29.64 grains. The weight of carbon in this 
composition is 25.41 grains, and the weight of hydrogen 
4.28 grains. 

Olefiant gas, therefore, consists of 

Crrains* 
i Carbon, by weight 25.41, or two atoms 12 
Hydrogen, do. 4.23, or two atoms 2 

29.64 14 

This gas may be decomposed by passing it thioogh a red 
hot porcelain tube, one proportion of carbon being deposited, 
in consequence of which, it is converted into light carburetted 
hydrogen, which, as we have already seen, contains only 1 
proportion of carbon, to 2 of hydrogen. 

Gas Lights, 

The olefiant gas, when pure, (with perhaps a single excep. 
tion) gives the most brilUaht, and tn^tensely luminous flame of 
any known substance. The illuminating powers of oth^ 
gases depend chiefly, if not entirely on the defiant gas they 
contain. In all cases, the light of any inflammable gas is in 
exact proportion to the quantity oi carbon it contains. 

The flame of pure hydrogen scarcely gives sufficient light 
to show the hour on a watch dial. When combined with one 
proportion of carbon forming catrburetted hydrogen, its light 
is greatly increased, and when combined with another pro- 
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What are the chemioal changes which take place during the prodoo- 
tion of olefiant gas.^ What are the sensible properties of this gas? 
Does it explode when niixed with oxygen and inflamed ? What is the 
weight of carbon and what the weight of hydrogen in this gas ? What 
is the atomic composition and what the combining number of this gas ? 
How is olefiant gas decomposed and resolved into carburetted hydro- 
gen ? What is said of the brilliant light of the olefiant gas ? On 
what does the brilliancy of gas lights depend ? 
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poftbn, its ligiit beoomes.perfeedf itted fiir the purpooMi of 
yjumiaatiofli* 

. €i«8 li^t, for tke purpose of iHumiiiatioD, wa« first himI^ 
and omp£»y6d by Dr. Claylon^ un Englithraan, ia 1739, but 
from some unknown cause, was given up, and neglected for 
sixty yeavs afkrwards. At length, Mr. Murdoch, institated 
a series of experiments on the subiect, aad the gas disliUed 
Cram coal, began :to be used on a small scale, for lighting di( 
ferent factories in the vicinity of London. 

From that period, which was about 30 years since, gas 
lights obtained from coal, or oil, have gradually come into use 
for the purpose of lighdng streets, shops, and manufaelories, 
in all parts of Great Britain, and is at die present time, in 
common use on the continent of Europe, and in several parts 
of America. 

For many years the gas lights of London and dher parts 
of England, were supplied entirely by the distillation of bitu- 
minous «oal, but more recently many of the gas works in 
different parts of that kingdom obtain their lights from oil 
In. this country, also, oil gas is chiefly employed. 

In respect to the advantages of gas, on the morals of sod* 
ety, in great cities, Mr. Gray, in his Operative Chemitt^ says, 
*^ From the more brilliant manner in which our streets (tho^e 
of London) are lighted by gas, than they ever were, or eould 
be by oil, or tallow, there is a greater degree of security, both 
in person and property, for every class of honest men. Crimes 
^umot now be committed in darkness and secresy ; and as 
the risk of detection increases, the temptation to guiU is di* 
minished, and thus coal gas, by the brilliant light it eheds on 
our streets has worked, and is now working, a moral refiamift- 
tion. The house-breakers, and pick-pockets, dsead the lamps 
more than the watchmen, and a more eflicacious measure of 
police was never introduced into society thui that from gas 
lights." 

Oil gas is obtained by distilling impure whale, or other oil, 
in large cylindrical, cast iron retorts. From four, to six sudi 
retorts, which in appearance resemble 24 pound cannon, are 
placed across a furnace built of brick, and are all heated by 



When were fas lights for the purpose of iUaminatloii first employ- 
ed ? From what substance was gas lights first obtained ? What is 




the famace, and retorts. 
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the same fire. Hiete we half filled wkh pieees^f biM, or 
iron, in order to increase the surfaee, and thus to effeet the 
(tecomposition of a greater pTopottion of the dl. The oil is 
contained in a reservoir placed so high as to mn to the !•• 
torts through a tube, of which each retort has a sepsrate 
branch. The oil is admitted into the retorts on the eofende 
of the furnace, the quantity being regulated by a atop-oeck, 
with which each is furnished. On the opposite aide of the 
furnace the gas is conducted from each retort by separate 
tabes, which afterwards join in a common tube of larger awe, 
and thence is conveyed to the gasometer. The oil is admit* 
ted into the retorts' in a very small stream, or sometimes only 
by drops, and is decomposed, and converted into gas as fast 
as it runs in. 

In large works, the gasometer is of immense siae, being 
30 or 40 feet in diameter, and 16 or 20 feet high, and capa- 
ble of containing from 12, to 20,000 cubic feet of gas« 

This is made of sheet iron, suspended by a chain, Ofver a 
pulley, and counterbalanced by weights on the other aide. 
This falls into a tank, or cistern, held together by iron- ho(^ 
which are drawn with great force around it- by mecBSof 
screws. The tank being filled with water, the gasBoneteria 
let down into it, while the air escapes' by opening a valve in 
it» top. When the air is all excluded the gas is eondiieted 
into the gasometer by a pipe csoming from the retort% aad 
opening under the water. As tlie gas rises through the water, 
the gasometer is tobyed up, and rises also, and thus die ves- 
aiel is filled with inflammable gas instead of air. 

From the gasometer^ which is the great foontainy the gas 
is conducted by one large iron pipe, laid under ground to the 
place or street where it is burnt. It is then conducted in 
saaialler pipes through the different streets, and frcmi these 
pipes it is conveyed to the houses and shops by small tubes ; 
and tubes of still smaller size convey it to the burners where 
the lights are wanted. 

Rosin has lately been used instead of oil, and is said to yield 
a gas fully equal in quality to that of oil, and at a much less 
expense. 

As the burners are stationary, in the ordinary mode of light- 

How is the oil admitted into the retorts ? In large works, what is 
the size of the gasometer ? How is the gas conveyed into the gasome- 
ter ? How is the gas conveyed from the gasometer to the gas burners? 
\¥hat inconvenience is experienced in the use of ordinary gas lights ? 



imgityk^gUf llMi9 ^ntts a& in^oveiiieMe ib its «mi^09«Beiit 
&rth«^|Nirpo8« of eoamoa hottsdioldiUumttiatioii, where th« 
lif fal» «ro' ofton necessarily carried to difibrent parte of 4 
Bionii'or from one reoln to another. Tbere is ateo another 
laoeftTeeienee, which arises hwa the expense of layinff coo* 
chiotom through a t re e te where the houses are scattered^ and 
conaequetttly, ^here but a small quantity ef the gas is want* 
ed* To remedy these defects in ihe ordmary method of lighU 
ia|^ with gas, it has, within a few years been proposed to oon* 
dense the gas in strong copper, or brass lamps, at the gas 
wissha, and then transport them thus filled, to the houses, 
to supply the plaee of common lamps. This is distingutriied 
by the nmueportMe gas, and has been, mid it in believed, is 
still extensively employed in London and its vicinity. 

To iiU these kmips, ^re is provided a long iron, pipe, at 
one end of Which is a forcing pump, which is also connected 
with analher pipe leading f^m the gasometer, to the pump 
throuffh which the gas is conveyed. The long pipe is fiir- 
nii^d with short tubin pkioed at convenient distances apart, 
aadcommimieating with itsinside. Thes^ Uibes are cut with 
aer^r throMlsi w&h fit the screws at the bottoms of the 
laoqps, and on which these vessels are screwed, to be filled. 
Thus by worioMthe forcing pump, the sas is brought freaa 
the gasometer, forced into the pipe, and from the pipe into 
the lamps, soidiat many are filled at the same time. There 
ia a mercurial guage connected with the pump, by whidi its 
pieosnre ie shows, and consequently by which the amount of 
condensation of the gas in the lamps is indioated* The flame, 
in bumingthe gas, is regulated by turning a small screw, and 
the gas is prevented from escape at the bottom l^ a valve, 
and another screw. 

The gas obtained from oil, is much purer, than that ohtainp. 
ed from coal. The first cannot be burned until it is purified 
by being passed through lime water, in order to deprive it of 
the carbonic acid, and other impurities f but the oil gas does 
not require any such process, being fit for use as it paaaes 
firom the retort. 

The illuminating power of the oil gas is also much greater 
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How hu it been propoeed to remedy thle defect? Under what name 
iethis condensed gM known? In what manner are the portable gaa 
lamps filled f How is it ascertained with what degree of force the gas 
is condensed in the lamps ? Which is most pure the gas obtained frooft 
oil, or that Irom coal ? W hich gas has the greatest illuminating power, 
that from the coal or that from oil ? 



1 
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thtm that of coal ga«. Aeeovding to Ai^ iBpiwinmifariof* Mi^ 
Aeconi, two cubic feet of coal gas will bum one bomr^Mdl 
pn a quantity of light eqjHal tm three Udlow caDdlee» eig^ 
of which weigh a pcmd. But accordiog to the oa y agn aonta 
of Mr. Deweyt euperinteiidaat of the gas woika of^New- 
Tork, one cubic foot of oil gas will givo light for eoe^hoiv^ 
eqoal to 8 candles, 6 to the pound. This agrees vevy neaiiyi 
with the result of Mr. Ricardo's ej^eriments, who found tb«t 
a^veu quaiOity of oil gias was equal in iUuminaliBg power 
tefour times the same quantity of ooal gas* One gallonof 
dean whale oil will make 100 cubic feet of gas, w£ioh, aeu 
cording to the above statement will bum 100 hoitf% and giro 
as much light as 8 mould candles, 6 weighing a pound. I^ieh 
an immense difference between the cost of gas, and other 
lights, would seem to indicate the propriety of establishing 
gas works in every village. ]|ut the expenses of erecting 
and tending small establis^ents of this kind, are sii^h as not 
to yield any considerable pr<^t to the owners; In tnis ooni^ 
try, where 2,000, or 2,500 lights are wanted in a compact 
town, perhaps gas works, might be maintained. The ex> 
penses of erecting such works would be not far from the fel» 
lowing, vis. 

2^ miles, 3 inch main pipe, 97,500 

Gasometer and Tank, 3^000 

Refrigerator and connections) 1,500 

One bench retorts, 6 in number, 3,000 
Labour to erect the works, 3,000 

17,500 

HTDBOOSK AND 8VKJPHI7B. 

Sulphuretted Hydrogen 17. 

1. p. Sulphur 16+1 p* Ifydrogen 1. 

This gas may be procured by placing in a retort some euL 
phuret of antimoniff or iron, and pouring on it sulphuric or 
muriatic acid. The sulphurets of dieae metals may be pre* 
pared by heating either of them, in filings or powder, with > 

What is said to be the comparative difference between the illumioa- 
ting power of coal and oil sttm ? What qiiantity of gas it it said oi^e 
'gallon of oU will make, and how long will this gas bum ? The cost of 
oil gas being much less than other lights, why are they not universally 
used ? How may sulphuretted hydrogen be procored f 
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afljphur; or the Mituniil^8u](^hurols nmy . be « employed. The 
chemical chaaees concerned in the fomtation' of this gas, are 
as foUofra* The oxygen of the ^ater which the acid con- 
tainfl unj^ with the metal of the sulphuret, .which metal is 
thea ^Molyed by the *ii^d. Tk^a the hydrogen of the . water, 
and tlie sulphur of the sulphuret, are both set at liberty, and 
having an affinity for each other,, they combine, and escape in 
the form of sulphuretted hydrogen. 

Sulphuretted hydrogen, is a transparent, elastic gas, which 
both to the tast^ and smell, is exceedingly unpleasant aad 
nauseous, its odor being similar to that of putrefying eggs. 
Under a pressure of 17 atmospheres, that is, under a weight 
equal to 255 ppunda to the squarjB inch, this gas is condensed 
into a colourless liquid, but again assumes its gaseous form, 
when the pressure is removed. 

This gas is instantly fatak to. animal life, when pure, and 
.even wb^n diluted with 1500 times its bulk of air, has been 
^ound 80 poisonous as to destroy a bird in a few seconds. 
Like hydrogea» it instantly extinguishes flame^ but is itself 
inflammable and bur^ with a pale blue flame. The products 
4>f its combustion are w^ter and sulphuric acid. The compo- 
sition of tHis gas being hydrogen and sulphur, the water form* 
ed during its combustion is the product of the union between 
the hydrogen, and the oxygen of the atmosphere, during the 
act of combustion ; while the sulphuric acid is formed, by 
atki union of the oxygen of combustion with the sulphur. 

Sulphuretted hydrogen tarnishes silver, and even gold, and 
blackena paint, made with preparations of lead. This gas is 
often generated during the decomposition of animal proaucts, 
in sink drains and ditches, and hence the paint of white lead, 
about such plac^ often becomes black in consequence. 
Eggs contain a small quantity of sulphur, which on boiling 
is converted into sulphuretted hydrogen, and hence a silver, 
spoon is instantly tarni^ed by coming in contact with a boiU 
edegg. 
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WhaX oheBiieal ehtaget lake place by which this gta is eTolv«d ? 
. What are the Moalble properties of this graa ? Under what pi^nun 
.inay this ga8>e condensed into a liqaid * ' Does it remain liquid when 

the pressure is removed ? iVHat is said of the poisonous effects of this 

gas ? What are the effects of plungin|r a burning candle into thhi gmmf 
'when this gas is burned, what are the products of combostUMi? 

Whence come the water and sulphuric acid ? What is itse^ctaoo 

the metals^ 



f^ 
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The compositioa of sulphuretted hydrogen by weight, it as 
follows. 
100 (^obic inches of this pras weigh 96 grains. 

This is composed of sulphur 33.89 " 

« « of hydrogen, 2.11 " 

36.00 

HYDB06EN AND PHOSPHORUS. 

Pkosphureited Hydrogen 13. 
1 p. Hiospborus 1*24-1 p« Hydrogen 1. 

This compound consists of hydrogen, in which is dissolved 
It small quantity of phosphorus. It may be formed in several 
wHys« One of the most simple is the following. Into five 
parts of water put 15, or 20 grains of phosphorus, cut into 
small pieces. It must be cut under water to prevent its ta- 
king fire. Then add one part of granulated zinc, and pour 
in three parts of sulphuric acid. 

The gas will instantly rise through the water in small bub- 
bles, and will take fire spontaneously on coming in contact 
with the air. Each bubble as it takes fire will form a horizon- 
tal ring of white smoke, which will gradually enlarge, as^ it 
rises, until lost in the air. The cause of this curious .bfi- 
pearance is owing to the formation of a small quantity' Of 
phosphoric acid by the combustion of the phosphorus, and 
which having a strong affinity for moisture, attracts it from the 
atmosphere, ajld thus forms a little ring of dew, which is visi- 
ble to the eve. 

Phosphuretted hydrogen may also be obtained by placing 
some pieces of jihosphuret of lime in water, when the gas will \ 
be extricated, and will rise through the water as above descri- • 
bed. [See phosphuret of lime.'\ 

' This gas detonates with great violence when mixed with * 
oxygen, and forms a dangerous explosive compound with^ {^<*' 
mospheric air, consequently much caution is required iU ma- 
king experiments with it. 

When a bubble of phosphuretted hydrogen is alj^yjj^ed t» 
mix with oxygen, a flash of the most vivid light ijP'Spjoiitane-. 

~r ' ' ' ■ ., - — ■ ■ ■ I I i.^> I I » 

What 18 the composition of 100 cabic inches of this gas ^ n^eigftt? 
Hew^ is phospharetted hydrogen formed ? What singular prbp«iij does 
tJ^l« gas possess f How is the ring of white smoke accounted for, which 
ripes after the combustion of a bubble of this gas f With what -sub- 
stances does phosphuretted hydrogen afford dangerous detonating 
compounds ? 

17 
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ously produced, which, in a darkened room resembles light- 
ning. The safest method of performing this beautiful ez* 
periment, is to let up into a small strong bell glass, or a thick 
glass tube, a few ounces of oxygen gas. Then, having col- 
lected a little of the phosphuretted hydrogen in a small via), 
hold the bell glass in the left hand, with its mouth under wa- 
ter, and with the right hand manage the vial, so as to let only 
a single bubble at a time escape into the oxygen. The deto. 
nation of each bubble will produce a considerable reaction on 
the bell glass, which will be felt by the hand. But if the ex. 
periment be performed as described, th^re will be no danger 
of an explosion. 

The gas above described is called per-phospkuretted hydro- 
geriy denoting as already explained, the highest degree with 
which one body unites with another. It is so called to distin* 
guish it from the protO'pkosphuretted hydrogen, which contains 
only half the quantity of phosphorus, and is a much less inter- 
esting compound. 

Perphosphuretted hydrogen consists of 

1 equivalent of phosphorus 12 
1 do. hydrogen I 

13 

NITB06EN AND CARBON. 

Carburet oj Nitrogen 26. 

2 p. Carbon 12+1 p. Nitrogen 14. 

Cyanogen, 

By boiling together red oxide of mercury and prussian blue 
in powder, with a sufficient quantity of water, there may be 
obtained a compound which shoots into crystals, and which 
was formerly called prussiate of mercury, but is now known 
by the name of cyanuret of mercury. 

When this salt is heated in a retort, it turns black, the cy- 
anogen passes over in the form of a gas, and the mercury is 
revived or assumes its metallic form. 

This gas has a pungent, disagreeable odor, bums with a 
purplish blue flame, extinguishes burning bodies, apd is redu- 
ced to a liquid under the pressure of about three and a half 
atmospheres. 



What directions are given for admitting bubbles of this gas intQ -ox- 
ygen? What is-the equivalent composition of per-phosphoritia^ Mr- 
drogen ? How may cyanuret of mercury be formed f How is'; 
procured ? What are the properties of this gas f 
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100 cubic inches of this gas weigh 55 grains, and is found 
to be composed of 
2 equivalents of carbon 12 
1 do. ' nitrogen 14 

26 its combining number. 

Cyanogen, though a compound gas, has the singular pro- 
perty of combining with other substances, in a manner per- ' 
fectly similar to the simple gases, such as oxygen and hydro- 
gen. 

The term cyanogen, cemes from two Greek words signify- 
ing to form blue, because it is an ingredient in Prussian blue. . 

Hydrocyanic acid 27. 
/ 1 p. Cyanogen 26+1 p. Hydrogen 1. 

Prussic Acid. 

Cyanogen is obtained by simply heating cyanuret, or prus- 
siate of mefcury as above described. Hydrocyanic, or prus- 
sic Hcid is composed of cyanogen and hydrogen. It may be 
obtained by heating in a retort, a quantity of prussiate of mer- 
cury with two thirds its weight of muriatic acid. During 
this process, there takes place an interchange of elements. 
The cyanogen of the cyanuret of mercury unites with the hy- 
drogen of the water contained in the muriatic acid forming 
hydrocyanic acid, while the oxygen unites with the mercury, 
forming an oxide of the metal which is dissolved by the mu- 
riatic acid. 

But a more common method of making prussic acid is the 
following. 

Mix together in a convenient vessel, four ounces of finely . 
powdered prussian blue, two and a half ounces of red oxide 
of mercury, and twelve ounces of water. Boil the mixture 
for half an hour, now and then stirring it. The blue colour 
will disappear, and the solution wi\\ become yellowish green. 
Pilter the solution and wash the residuum by pouring on boil- 
ing water, in quantities sufficient to make up the loss by evap- ' 
oration, and let this also pass through the filter. 

Put this solution, which is a prussiate of mercury, into a 
retort containing two ounces of clean iron filings, then con- 

- - ■ — • — — — — — — — -^ ■ 

WhtA, is the equivalent composition of this gas, and what its combin- 
ing number ? Whence comes tho name of £is gas ? How may hy- 
drocianic, or prussic acid be formed by means of prussiate of mercury, r* 
and muriatic acid ? What are the interchanges of elements which take 
place during this procoBs ? What is the more common method desert- | 
bed for making prussic acid ? 
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nect the retort with a receiver, and place them on a lamp fur^ 
nace as represented by fig. 61, taking care that th0 junctuie 
Fig. 61. be made air tight which may be ^one by 
winding a wet rag around the neck of the 
retort. Next pour into the retort one ounce 
of sulphuric acid diluted with three or four 
parts of water, and stop its tubulure by pass- 
ing in a straight glass tube, which had been 
ready prepared by being passed through a 
cork. Then light the lamp and distil with 
a slow heat until three ounces of prussic 
acid is obtained. The receiver must be 
n kept cold and also from the light by being 
covered with a wet doth. 

The fumes of this acid are exceedingly 
poisonous, and therefore the lamp furnace 
should be set in a fire place during the process so that they 
may escape up the chimney. There is a complicated in- 
terchange of principles which takes place in this process, 
to be explained thus. In prussian blue the prussic acid ex- 
ists in combination with iron. The red oxide of mercuiy, 
having a stronger attraction for this acid than the iron has, 
the Prussian blue is decomposed, and a pnusiate of mercury 
is formed, which is soluble in water. On the addition of the 
iron filings and sulphuric acid to this solution, the iron ab- 
sorbs the oxygen from the mercury, which is then precipita- 
ted in the metallic form, and at the same instant the iron is 
thus oxidized, it is dissolved by the sulphuric acid forming the 
sulphate of iron. Thus the prussic acid is liberated, because 
it does not combine with the metals, but only with their ox- 
ides, and as the iron deprives the prussiate of mercury of its 
oxygen, the prussic acid remains free in the solution of 
the sulphate of iron, and being volatile, readily passes 
over into the receiver by a gentle heat. 

The hydrocyanic acid thus obtained, is a perfectly colour- 
less, limpid fluid, and cannot be distinguished by the eye from 
distilled water. It has u strong odor, resembling that of 
peach blossoms, and when much diluted has the taste of bitter 
almonds. 
Prussic acid is the most active and powerful of all known 



What is B&id of the poisonous quality of the fumes of this acid, and 
of the precautions to avoid them ? Explain carefully the complicated 
interchange of chemical principles that take place by thia process. 
What is the appearance of the acid thus obtained ? What is the smell 
of this acid ? What cases are mentioned jof its poisonous effects ? 
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poisons. A siitgle drop placed on the tongue of a dog caus- 
ed his death in a few seconds, and a servant girl who swal- 
lowed a small glass of it, diluted with alcohol, fell down in- 
stantly as though struck with apoplexy, and died in two min- 
utes. A professor at Vienna having prepared some of this 
acid in its most concentrated state, by way of experiment dif- 
fused some of it on his naked arm, and was killed thereby in 
a short time. 

' These instances not only show the terrific and mysterioua 
effect which this substance has on the animal, economy, but 
they also show what extreme caution is necessary in prepar- 
ing and using it. When much diluted, it has, however, been 
considerably employed as a medicine, in cases of consump- 
tion, and often with good effect. 

Although the investigations of chemistry have developed 
this substance, than which even lightning itself is scarcely 
more prompt, or sure, in destruction, still the wisdom of Om- 
niscience has connected circumstances with its producti<Mi 
and nature, which in a great measure, will always prevent its 
employment for vicious and criminal purposes. The process 
by which it is made, requires more chemical skill than gene- 
rally falls to the lot of unprincipled, and vicious persons ; and 
when obtained, its active properties are 'so evanescent, as 
never to remain more than a week or two, without peculiar 
treatment, and sometimes it becomes nearly inert in a few 
days. The odor, also which is distinguished in animals de- 
stroyed by it, is often the sure means of detection. 

The commencement of its decomposition is marked by the 
reddish brown colour of the liquid, and in a short time afler, it 
becomes black, and deposits a thick carbonaceous substance, 
at the same time it loses its peculiar smell, and emits that of 
ammonia. In this state,, the prussic acid has none of its for- 
mer properties, but becomes entirely inert and worthless. 

This substance possesses the sensible qualities of an acid 
only in a very slight degree, being hardly sour to the taste, 
and producing but very little change in the blue colours of 
vegetables. It however performs the ofiice of an acid in 
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For what purpoees is this acid employed when much dilated ? What 
•eircttmstances are connected with the production and .nature of this 
•add which it is said will prevent its employment for wicked purposes ? 
How does the acid appear while decomposing ? Does this substance 
liossess the sensible qiudities of an acid f In what respect does it per- 
form the office of an acid f 
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combining with alkaline bases, forming salts, called prussiates 
or hydrocyanates. 

The following is an example by which the composition of 
a substance may be. found when ^one of its elements can be 
made to combine with, a third body, in a known proportion. 
B^ a previous experiment it was ascertained how much cyan- 
ogen would combine with a given portion of potassium, the 
basis of potash. Then Gay-Lussac exposed to the action of 
100 measures of prussic acid, heated so as to be in the state 
of vapor, a quantity of potassium precisely sufficient to absorb 
50 measures of cynanogen. By this process cynanuret of 
potassium was formed, and exactly 50 measures of the vapor 
of prussic acid was absorbed, leaving '50 measures of pure 
hydrogen remaining in the vessel in which the experiment 
was made. 

From this experiment it appears that prussic acid is com- 
posed of equal volumes of cyanogen and hydrogen, and there- 
fore that they combine in the ratio of their specific gravities, 
that is, the weight of the vapor of prussic acid must be the 
combined weights of cyanogen and hydrogen, of an equal 
bulk. 

Now the specific gravity of hydrogen is known to be 
0.0694, and cyanogen gas, 1.8044, air being 1.000. Cyano- 
gen therefore, is 26 times as heavy, bulk for bulk, as hydro- 
gen, and since they combine in equal proportions by vd- 
ume, to form prussic acid, it follows that this acid consists of 
an atom of hydrogen united to an atom of cyanogen, and 
therefore that an atom of cyanogen gas is 26 times as heavy 
as an atom of hydrogen. Thus the atomic weight of cyano- 
gen is 26, that of hydrogen being 1, and the specific gravity 
of the vapor of prussic acid being the medium between them, 
is 0.9369, because 0.0694 the specific gravity of hydrogen, 
added to 1.8044, the specific gravity of cyanogen, makes 

How did Gay-Lussac know that exactly 50 measures of cyanogen 
were absorbed by the potassium f [Cyaribgen combines with metak 
in the same manner that oxygon does. See Cyanogen.] What wai 
the quantity of hydrogen which remained after thiis absorption ? From 
this experiment, what appears to be the composition of prussic add by 
volume ; and therefore the vapor of prussic acid consists of the com- 
bined weights of i/^hat ? How does it appear that cyanogen is 26 tiiaes 
as heavy as hydrogen? Multiply 0.0694 by 26. How does it appear 
that an atom of cyanogen is 26 timet as heavy as one of hydrogen f 
(Because they combine in equal volumes, but cyanogen weighB26 
times the most.) What then is the weight of an atom of cjanogea, 
that of hydrogen being 1 ? 
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1.87B6, the medium, or half of which is 0.9369, the specific 
^vity of th^ vapor of prussic acid. 
The composition of prussic acid may therefore be stated 

thus: 

By volume. By weight* 

Cyanogen 50 1.B044 26, one atom. 

Hydrogen 60 0.0694 1, one atom. 

100 acid vapor. 27 atomic weight. 

Thus the atomic weight, or equivalent number for cyano- 
gen is 26, and that for prussic acid is 27. 

The above will serve as a practical example of the method 
of finding the atomic weight of a constituent, under similar 
circumstances. 

CABBON AND SULPHUR. 

Stdphuret of Carbon — 38. 

1 p. Carbon 6+2 p. Sulphur 32. 

This singular compound may be made by the following 
process. Place an earthen tube of about an inch and a half 
in diameter, a little inclined, across a chaiSing of coals, 
previously nearly filled with small pieces of newly burned 
charcoal. To the higher end of this tube adapt another tube 
of glass, filled with small pieces of sulphur. The end of this 
tube, not connected with the one of earthen, must be stopped 
with a cork, through which passes a wire, the whole being 
made air tight. To the opposite end of the earthen tube, 
another glass tube must be connected, and so bent as to pass 
under the surface of some water contained in a bottle. When 
every thing is thus prepared, the charcoal in the chafiing- 
dish is set on fire, and when the centre of the tube becomes 
red hot, the sulphur must be pushed forward with the wire, so 
as to come in contact with the charcoal. The combination 
instantly ensues, and the vapor of sulphuret of carbon will 
condense under the water in the vessel. In this state it is of 

a yellowish colour, but may be purified by re>distilling in a 

^ ■....«— ■ ■ ■■■■ . j » 

What is the specific gravity of the vapor of prassic acid, it being the 
mediam between those of cyanogen and hydrogen? From these data, 
what is the composition of prussic acid by volume and weight? What 
is the equivalent number for prussic acid ? Describe the process for 
making sulphuret of carbon. What is the colour of the compound so 
prepared ? How may it be purified, so as to become colourless and 
transparent ? 
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retort containing a little muriate of lime to absorb the water. 
The heat during the lant process,«must not be over 110^, and 
therefore is best applied by a vessel of water over a lamp, in 
which the retort is placed. The neck of the retort is dipped 
under water as before. 

.The compound thus obtained from two solids, the one black, 
and the other yellow, is a perfectly transparent and colourless 
liquid. Its taste is acrid and pungent, and its smell exceed- 
ingly fetid and disagreeable. Its specific gravity is 1.27, 
water being 1.00. It does not mix with water, but sinks 
through that fluid, as water does through the lightest oil. It 
possesses very high refractive powers, [See Nat* PhUasophyJ] 
and is so volatile as to produce an intense degree of cold by 
evaporation, when exposed to the open air. It is highly in- 
flammable, and burns with a blue flame, emitting copious 
fumes of sulphuric acid. It dissolves phosphorus and iodine, 
the solution of the latter being of a beautiful pink colour. 

It was stated, a year or two since in Paris, and republished 
in the journals of this country, that when this substance is 
mixed with phosphorus, and allowed to stand under water for 
six or eight months, the phosphorus combines with the sul- 
,phur, thus leaving the carbon to crystallize, and form real 
diamonds. Having lefl such a mixture undisturbed, for a 
much longer period than the recipe directs, we have as yet 
discovered no appearance of this precious gem. 

Sulphuret of carbon is composed of 

1 equivalent or atom of carbon 6 

2 do. of sulphur, 32 

Its combining number 38 



METALS. 



The metals form the most numerous class of undecomposed, 
or elementary bodies. They possess a peculiar lustre, called 
the metallicy which continues in the streak, or when they are 



/ 



of carbon ^ What is its specific gravity ? What is said of its refract- 
ive powers, its volatility, and its inflammability f What has been 
published concerning the method of making diamonds from thiff sub- 
stance ^ What is the equivalent composition of sulphuret of carbon? 
What is its equivalent number ? Have any of the metals been deeom* 
posed.' Whstis the peculiar lustre of the metals calledf 
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radoced to snudi rrag^ents. They are all conductors of 
electricity and caloric. They are fusible, at different tem- 
peratures, and in fusion retain their lustre and opacity. They 
are in general, good reflectors of light, and with the excep« 
tion of gold, which in the thinnest leaves transmits a green 
light, they are perfectly opaque. 

Many of the metals may be extended under the hammer, 
and are hence called maUedble^ or under the rolling press, 
and are called laminahU^ or may be drawn into wire and are 
called ductile. Others can neither be drawn into wire, nor 
hammered into plates, but may be ground to powder in a 
mortar ; these are called hritile metals. 

The metals are capable of combining with each other, in 
any proportion, when melted together, and such compounds 
are called allays. 

With a few exceptions, the metals have the greatest spe- 
cific* gravity of all bodies. Potassium and sodium swyn on 
' water, but with these exceptions, the lightest among them, 
cerium,' is about 5^ times the weight of water ; platinum is 
more than 20 times heavier than the same bulk of water. 

The metals differ in respect to brilliancy, colour, density, 
hardness, elasticity, ductility, tenacity, conductility for caloric ^ 
and electricity, fusibility, expansibility by heat, stability, odor 
and taste. 

When combined with oxygen, chlorine, iodine, or sulphur, 
•and the resulting compounds submitted to the action of 
galvanism, the metals without exception are revived, and ap- 
pear at the negative side of the battery, hence all the metids 
lire positive electrics. 

The malleable metals, such as gold, silver, and iron, in 
whatever manner their surfaces are increased, if this is done 
rapidly, grow hot, and crumble under the hammer, or press, 
and finally refuse to be extended any further. It then be- 
comes necessary, if their surfaces are to be further extended, 
'to anneal them, which is done by exposure to a red heat, 
when they become sofl and malleable as before. It is pro- 

Whftt imponderable agents do all the metals conduct ? Are all the 
metals opaque? What are malleable, laminablo and ductile me- 
Uls f W hat are brittle metals ? W hat is an aUoy ? What is said of 
the specific gravity of the metals ^ What are the properties in respect 
to which the metals di£fer ? What is the electrical state of the metals ? 
When the surfaces of the malleable metals are suddenly increased, 
what effect is thereby produced on their temperature ? When is it ne- 
cessary to anneal a metal ? 
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bable that this change is produced by a quantity of caloric 
which the metal ret,aiDs .in its latent state^ and by which its 
particles are prevented from forming so compact a mass as 
before. When the metal is again drawn under the hammer 
or press, it grows hot, and at the same time is increased in 
density and specific gravity, the caloric before absorbed be- 
ing given out, and the metal is again rendered brittle by the 
process. 

AH the metals are converted into a fluid state by sufficient 
degrees of heat. In this respect there is a vast difierence 
.in the different metals. Mercury is fluid at all common tem- 
peratures, and does not assume the solid form unless exposed 
to a temperature nearly 40° below the freezing point, while 
platina and columbium, continue solid under the highest heat 
of a smith's forge, and only become fluid under the heat of 
the compound blowpipe, or the action of the most powerful 
galvanic battery. 

With the exception of platina, gold, and silver, these bo- 
dies sufier a singular change on exposure to air, and mois- 
ture, or on exposure to air and heat. They lose their tena^ 
city, brilliancy and other qualities peculiar to the metals, 
soil the Angers, and crumble to powder, but at the sarnie 
time increase in weight. This change is termed oxidaUoih 
and in this state they are termed metaUic oxides* 

This increase in weight and loss of metallic splendor, does 
not happen when the metal is placed in a vacuum, or when 
it is protected from the air by varnish, or other means, but is 
found to be the consequence of the union between the ihetal 
and the oxygen of the air, or water, or both. Thus iron, 
when e:tposed to air and moisture, spontaneously absorbs 
oxygen and is converted into a brown friable matter called 
rust* This is an oxide of iron. The increase of weight is 
caused by the ^olid oxygen which thus combines with the 
metal. 

Metals, in the language of chemistry, are termed comhut* 
titles, because they are capable of combining with oxgen, 

How is the process of anneaJing supposed to affect the metal.^ so as 
to restore its malleability f By what means may all the ifietals be ren- 
dered fluid ? What is said of the different temperatures at which the 
metals become fluid ? The metals, with the exception of platina, gold, 
and silver, are said to sufler a peculiar change, when exposed to heat, 
or to air and moisture. To what is this change owing, and what ai« 
the resulting compounds called ? What causes iron, and other metab 
to rust, when exposed to the air ? Why are the metals termed com- 
bustible in the language of chemistry ? 
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and thus passing through the .process of oxidation, or com- 
bustion. In ordinary combustion there is an extrication of , 
heat and light, and under favorable circumstances several of 
the metals exhibit these phenomena. Zinc bums with a 
brilliant flame when heated, and exposed to the open air, and 
iron when heated in oxygen gas emits the most vivid scintil- 
lations, attended with intense heat. Gold and platina, the 
metals which have the least affinity for oxygen, are siill ca- 
pable of uniting with it so rapidly as to produce scintillations 
when heated with the flame of the compound blowpipe. In 
all cases the metals combine with oxygen most rapidly when- 
exposed to the highest degrees of heat. Hence at com- 
mon temperatures their oxidation proceeds so slowly as not 
to emit sensible light or heat, and some of them, such as 
gold, silver, and platina, do not combine with it at all at 
such temperatures. 

Some of the metals combine with oxygen in only one. pro- 
portion, while others combine with it in three or four pro- 
portions. Thus there is only a single oxide of zinc, but 
there are three or four oxides of iron. 
. Afler the metals are converted into oxides, they may again 
be reduced,. thai is, brought back to their metallic states by 
depriving them of their oxygen. This may be done by sev- 
eral methods, depending on the nature of the metal, or the 
force by which it retains the oxygen. The reduction of 
many of the metals from their ores is nothing more than de- 
priving them of their oxygen. 

, For this purpose, a common method is to heat the oxide 
with some combustible, which has a stronger affinity for the 
oxygen than the metal has. Thus the oxide parts with its 
oxygen, and assumes the metallic, form, while the combusti- 
ble absorbs that which the oxide before contained, and is 
itself consumed or converted into an oxide. As an example, 
carbon when heated has a stronger affinity for oxygen than 
iron, and therefore when carbon and oxide of iron are 
strongly heated together, the iron is reduced while the char- 
Under what circumstances do several of the metals exhibit the ordi- 
nary pbenomena of combustion ? Under what circumstances do all 
the metals combine most rapidly with oxygen ? What metals do not 
combine at all with oxygen at common temperatures ? Do the metals 
all coxobine with the same proportion of oxygen ? After a metal has 
been converted into an oxide, how may it again be reduced, or brought 
again to its metallic state f By what method can the metals be de- 
prived of their oxygen f What is one of the most, conmon methods of 
reducing iron firom its ores f 
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coal 18 converted into an oacide, or an add, and passes away 
into the air, or in common language, is burned up. This is 
the method of reducing iron from its ores. 

In some instances heat alone drives away the oxygen and 
reduces the metal, but in such cases the metal has only a 
weak affinity for oxygen. The oxides of gold, mercuiy 
and platina, are thu^ reduced. 

Metals having stronger affinities for oxygen resist sudi 
methods of reduction, and require the more powerful agency 
of galvanism. When metallic oxides are exposed to this in* 
fluence the reduced metal is found at the negative ode of 
the battery, while the oxygen rises through the v^ater at the 
positive side. 

None of the metals are soluble in an acid, in their metallic 
states^ but when first combined witii oxygen they are readily 
dissolved. Gold will not dissolve in muriatic acid alone,' 
because this acid does not part with its oxygen with such 
facility to form an oxide of the metal. But if a quantity of 
nkric acid be added to the muriatic, the gold instantly be* 
» gins to enter into solution because the nitric acid imparts its 
oxygen to the metal, forming an oxide, which is then disafoU 
ved by the two acids. If a piece of zinc be thrown into suU 
phuric acid, i^ will remain undissolved, but if three or four 
parts of water be poured in, the metal is attacked with great* 
violence, and soon dissolved. In this case the water furnishes 
the oxygen, by which the zinc is oxadized, and it is then dis- 
solved by the acid. By this method hydrogen is obtained ; 
the metal decomposing the water by absoii)ing its oxygen, 
while the hydrogen is set at liberty. 

The metals combine with phosphorus, sulphur, and car- 
bon, forming compounds called phosphMretSj mdphureU^ and 
carburets. 

Of all the inflammable bases, sulphur appears to 



When iron is rediioed by heatingf its oxide with chareoal, what be* 
comes of the oxygen ? In what instances does heat alone rodaoe the 
metallic oxides ? When metallic oxides are reduced by means of gal- 
vanism, at which pole of the battery is the oxygen extricated ? Are 
any of the metals soluble in the acids, while in their metallic states ? 
Why is It necessary to add nitric acid to the muriatic acid beibie it 
will dissolve gold ? Why does not zinc dissolve in strong sulphoric 
acid ? Why is hydrogen evolved when the zinc is dissolved in dilated 
sulphuric acid ? When a metal combines with phosphorus, what is the 
resulting compound called ? What is the composition of a sulphuret? 
What is the composition of a^carburet f What combustible body ap- 
pears to possess the strongest affinity for the metals f 
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the atrongest affinity for the metals, and its eombination with 
some of them is attended with remariiable phenomena. This 
affinity is shown by the following interesting experiment* 
Introduce into a Florence flask three parts of iron, or cop. 
per filings, and one part flowers of sulphur well mizeB to- 
gether. Then stop the flask with a cork, and place it over 
a lamp so as to heat it slowly, and as soon as any redness 
appears, remove the flask from the fire. The chemical ac 
tion thus begun will be continued by the heat evolved by 
the combination between the sulphur and the mietal, and the 
whole mass in succession will become red hot, which in the 
dark will produce a very beautiful appearance. 

We have stated in a former part of this work, that when 
bodies pass firom a rarer to a denser state, calorie is evolved. 

The heat and light in this experiment seems to be the 
consequence of this general law of condensation, for the 
sulphuret formed by the union of the two bodies occupies 
much less space than the metal and sulphur did before. 

Many of the metallic sulphurets are very abundant in na- 
ture, forming the ores of the metals. Several metals are 
extracted entirely from such ores. The most abundant suU 
phurets are those of lead, antimony^ copper, iron and zinc. 

The phosphurets are seldom found as natural products, 
but may be formed by bringing phosphorus in contact with 
the metal at a high temperature. 

Carbon unites with iron in several proportions. Iron, 
steel, and black lead are all carburets of iron, the latter 
containing 95 per cent, of carbon. 

When the oxide of a metal is dissolved in an acid, there 
is a compound formed which diflers entirely from either of 
these two substances, and when the liquor is evaporated 
there remains a crystalline solid, called a metallic mift. 
These salts difier materially from each other, according to 
the kind of acid and metal of which they are composed. 
Some of theip, such as the sulphate of iron, and acetate 
of lead, are of great importance to the arts. 

The oxides of the metals readily unite by fusion with glass, 

"What experiment is stated, illustrating the affinity between iron and 
milphur ? Whence does the heat arise in this experiment? What ara 
the most abundant sulphurets in nature ? Are the phosphurets often 
Ibtind native ? What carburets are mentioned? What is a metallic 
salt? What particular salts are mentioned as being of great impor- 
tance to the arts ? What is said of the anion between the metallic ox- 
ides and glass f 

18 
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and it is by such means that this substance is made to re* 
semble gems and precious stones. The stained glassy so 
celebrated among the ancients, and used in the windows of 
churches, was prepared in this manner. This art was said 
to have been lost, but stained glass is still made in many 
parts of Europe, and in this country. (See glass,) 

Compounds made by fusing two or more metals together, 
are called alloys. In these cases there is a chemical union 
between the metals ; and hence such compounds differ great- 
ly from the metals of which they are composed. In general 
the specific gravity of the alloy is greater than the medium 
specific gravity of the two metals, and of consequence the 
bulk of the alloy is less than that of the two metals taken 
separately. As an example, if two bullets of copper and 
two of tin of equal bulk, be melted together, they will form 
little more than three bullets of the same size. This diminu- 
tion of bulk is accounted for, by supposing that the particles 
of the two metals enter into a closer union with each other 
when combined, than those of either did in a separate state. 

The alloys of the metals are also more easily fusible than 
the metals of which they are composed ; that is, the melting 
point of an alloy is below the medium temperature at which 
the metals composing it are fusible. 

An alloy made of 8 parts bismuth, 5 lead, and 3 tin, is a 
curious instance of this fact. In a separate state, the melting 
point of lead is 500°, bismuth, 490, and tin 430, and yet 
when these are fused together, the compound melts at 212^. 
Amusing toys, in the form of tea-spoons, have been made of 
this alloy. Such spoons, in the hands of those who know 
nothing oftheir composition, have excited great astonishment, 
by coming out of a cup of hot tea with their bowls melted off. 

The number of metals, and the variety of properties which 
they possess, render it necessary to throw them into classes 
and orders, that a knowledge of these properties may be more 
easily obtained. 

The following arrangement is that originally proposed by 
Thenard, and adopted by Henry and others. 

We have already stated, that some of the metals are redu- 
ced from the state of oxides by heat alone, such metals hav- 

* **- ■ .. . — 

What are alloys? In what respect do alloys difier from the metals 
of which they are composed? How is the increased specific gravity of 
the alloys accounted for ? What is said of the fusibility of alloys? 
What curious illustration of the fusibility of an alloy made of bismath» 
lead and tin, is given ? 
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ingonly a slight affinity for oxygen. Others, it was also sta* 
ted, have so strong an attraction for oxygen, that they cannot 
be reduced by this method, but require the presence of a 
combustible, or some other means for their reduction. The 
arrangement into classes is founded on this distinctive differ- 
ence. The orders of the second class are founded on the 
powers of the metals to decompose water. 

CiiASft I. — Metals, the oxides of which are reducible to the 
metallic state by heat alone. These are 

Mercury, Platinum, Osmium, 

Silver, Palladium, ~ and 

Gold, Rhodium, Iridium. 

Class II. — Metals, the oxides of which are not reducible 
to the metallic state by the action of heat alone. 

Order 1. — Metals which decompose water at common tem- 
peratures. These are 

Potassium, Lithium, Strontium, 

Sodium, Barium, Calcium. 

Order 2. — ^Metals which are supposed to be analogous to 
Order 1, but whose properties are but little known. These 
are 

Magnesium, Ittrium, Zirconium, 

Glucinum, Aluminum, Silicium. 

Order 3. — Metals which decompose water at a red heat. 
These are 

Manganese, Iron, and 

Zinc, Tin, Cadmium. 

Order 4. — ^Metals which do not decompose watev at any 
temperature. These are , 

Arsenic, Uranium, Titanium, 

Molybdenum, Columbium, Bismuth, 

Chromium, Nickel, Copper, 

Tungsten, Cobalt, Tellurium, 

Antimony, Cerium, Lead. 

Of the first class, there are 8 metals, of the second, there 
are 32, making 40 in all. 



What is the distinctive difference among l!he metals, on which is 
founded their arrangement into classes ? What are the peculiar pro- 
perties on which the orders of the second class are founded ? How are 
the classes and orders defined, and what are the names of the metals 
belonging to each? How many metals belong to the first class ; and 
how many to the second ? 
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CLASS L 

Metals, the oxides of which are decomposed by the action 
ofheatalond. 

MEBCUBY — ^200. 

Mercury, or quicksilver is found native, or in its pare state 
only in small quantities, the mercury of commerce being 
chiefly extracted from dnn^Hzr, which is a sulphuret of the 
metal. The metal is extracted from this ore by heating it in 
iron retorts mixed with iron filings or lime. By this process, 
the sulphur combines with the lime or iron, forming a sulphu- 
ret of lime or iron, while the mersury is volatilized, and is 
distilled into a receiver, where it condenses in its pure fonn. ' 

This metal is distinguished from all others by preserving 
its fluidity at common temperatures. Its specific gravity is 
13.5. At the temperature of 660*^, it boils, rises in vapor, 
and may be distilled from one vessel to another. At 40^ be- 
low zeio, it becomes solid, and is then malleable, and may be 
hammered into thin plates. 

When pure, this metal is not readily oxidized in the open 
air at common temperatures, but when mixed with other me- 
tals, such as tin or zinc, there is commonly a film of oxide 00 
its surface, hence this is an indication that the mercury is 
impure. When agitated for a long time, in contact with air, 
Of oxygen gas, this metal is oxidized, and is converted into a 
black powder, called ethiops mineral. 

Mercury readily combines with gold, alver, tin, bismuth, 
and zinc ; but not so readily with copper, arsenic, and anti- 
mony, and with platina and iron scarcely at all. The result- 
ing compounds between mercury and the other metals, are 
called amalgams. 

Mercury has such an affinity for gold and tin as to dissolve 
these metals in small pieces, at common temperatures. In 
the mines of South America, a great proportion of the g<M 

What is the definition of class first ? From what substance is the 
mercury of commerce extracted ? What is the composition of cisna- 
bar, and what its chemical name ? What is the method of ohtaininf 
the mercury from its sulphuret ? What striking distinction is ;^thers 
between mercury and other metals ? What is the specific gravity of 
mercury ? At what temperature does mercury boil, and at what tem- 
perature does it freeze ? When sotid, what property common to man/ 
other metals, does it possess ? What are the obvious indications of 
impurity in this metal ? What is ethiops mineral ? When mercniy 
combines with other metals, what is the compound called ? 
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was formeriy procured by amalgamation. Sand containing 
particles of gold, was agitated in a close vessel with mercury, 
and the two metals thus brought in contact united and formed 
^an amalgam. This was then distilled in an iron vessel, by 
which the mercury was driven away, while the gold remained. 

At the present time, the gold-beaters make use of the same 
means to obtain the small particles of the metal contained in 
the sweepings of their shops. The sweepings being placed 
in a close vessel, and agitated with mercury, an amalgam is 
formed. The gold is then separated by pressing the amal- 
gam in a buckskin bag, which forces the mercury through 
. the pores of the leather, while the gold is retained. 

Mercury is applied to many other uses in the arts, and is a 
constituent in several important medicines. 

The silvering on the backs of looking glasses, is an amal- 
gam of tin, and is put on in the following manner. A sheet of 
tin foil is laid perfectly smooth on a slab of marble, and on the 
tin foil mercury is poured, until it is about the eighth of an 
inch thick ; the attraction of the metals for each other, keep, 
ing the mercury from running off. When the mercury is 
spread equally over the surface, the glass plate is run, or slid 
on. This is so managed, by partly immersing the end of the 
plate in the edge of the mercury, and pushing it forward, as to 
entirely exclude the air from between the metal ^nd the glass. 
Weights are then laid on the plate, to press out the mercury 
which does not amalgamate with the tin. In about 24 or 36 
hours, the amalgam adheres to the plate, in the manner we 
see it on looking glasses. The glass, therefore, merely 
serves to keep the amalgam in its place, and being transpa- 
rent, to transmit the image, which is reflected from the sur- 
face of the metal. Could the mercury be kept from oxida- 
tion, and be retained in its place without the glass plate, 
such mirrors would be much more perfect, since the glass 
prevents some of the rays of light from passing to and from 
the metal. 



How ig gold obtained by merciiiy ? How do gold-be&ters obtain 
the small particles of gold from among the sweepings of tbeir shops f 
What is the composilion called the silvering, on the backs of looking- 
glasses? Describe the process of silvering a plate of glass. Informing 
a looking-glass, what is the nse of the glass plate ? 

18* 
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HBRCVBY AND 0XT6EN. 

Per^Oxide of Mercury — 216. 
1 p. Mercury 200-{-2 p. Oxygen 16. 
Red Predpliate. > 

This compound }s commonly formed by dissolving mercury 
in nitric acid, and then exposing the nitrate to such a degree 
of heat as to expel all the acid. It is in the form of small, 
shining crystalline scales, of a red colour. When exposed to 
a red heat, this oxide is reduced, and converted into oxygen, 
and metallic mercury, a circumstance on ^hich its' arrange- 
ment in the present class depends. When long exposed to 
the action of light, the same effect is produced. Red preci- 
pitate is emyloyed in medicine chiefly as an escharotic. 

It will be observed at the head of this section, that the per- 
oxide of mercury is composed of 200 parts of the metal com- 
* bined with 16 parts, or two equivalents of oxygen. The prot. 
oxide of this meta] consists of 200 mercury and 8 oxygen, 
these compounds conforming precisely to the doctrine of defi- 
nite and multiple proportions, as formerly explained. The 
reason why so large a number as 200 is taken for the equiva- 
lent of mercury and some other metals, will be understood 
when it is recollected that the data from which all the pro- 
portional numbers are estimated, is the proportions of hydro- 
gen and oxygen forming water. The proportion of oxygen 
in this compound being 8, and this number for oxygen being 
fixed, that for mercury is 200, because it is found by experi- 
ment, that these are the smallest proportions in which these 
two bodies combine. 

MERCURT Al^b CHLORINE. 

Proto-CTdoride of Jiferctiry— 236. 

1 p. Mercury 200+1 p. Chlorine 36. 

Cabmel. 

When chlorine, a gas formerly described, is brought in 
contact with mercury, at common temperatures, a combina- 
tion takes place between them, amounting to one proportKNi 
of each, forming a proto-chloride of the metal. This, how- 
ever, is not thb common method of preparing calomel ; the 



What is the composition of per-oxide of meicury f By what aimph 
process is it obtained f How may this oxide be decomposed ? What 
is the use of red precipitate f Explain the reason why the combiiiiBg 
number for mercury is 200. 
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two constttttents being more conyeniently combined in tbeir 
proper proportions, by mixing the bi-chloride of this metal 
with an additional quantity of mercury. The bi-chloride of 
mercury contains, as its name signifies, two proportions of 
chlorine and one of the metal. This compound is known un- 
der the name of corrosive sublimate. It contains mercury 200, 
and chlorine 72 parts by weight. When this salt is triturated 
with mercury, the metal absorbs a part of the chlorine, and 
the whole is converted into a proto-chloride, or calomel. The 
proportions are 272 parts, or 1 equivalent of the corrosive 
sublimate, and 200 parts, or 1 equivalent of the mercury. 
This process affords a beautiful illustration of the truth of the 
doctrine of definite proportions, for when these equivalents 
aore mixed ih a mortar, and then sublimed by heat, 36 parts, 
or 1 proportion of the chlorine is transferred from the hi- 
chloride, to the metallic mercury, thus converting the whole ^ 
into 472 parts of proto-chloride of mercury, or calomel. 

This process also shows in a striking manner, the effects 
of different proportions of the same principles on the quali- 
ties of bodies. Corrosive sublimate is one of the most active 
and virulent of all metallic poisons, and in doses of only a few 
grains, occasions the most agonizing symptoms, which com- 
monly end in death. But calomel is a mild and safe medi- 
cine, which may be taken in doses of 60, or even 100 grains, 
without injury. And yet the only difference between these 
two substances is, that calomel is a compound of 1 atom of 
chlorine combined with 1 of mercury, while corrosive subli- 
mate consists of 2 atoms of the first to 1 of the metal. 

MERCURY AND SULPHUR. 

Sulphuret of Mercury — ^216. 

1 p. Mercury 200+1 p. Sulphur 16. 

Cinnahar* 

Cinnabar is prepared by fusing mercury and sulphur to- 
gether, and aflerwards subliming the compound. When this 
compound is reduced to a fine powder, it forms the well 



What is said of the combination between mercurj, and the gas chlo- 
rine, at common temperatures ? What common name has the proto- 
ohloride of meicnry ? How does the proto-chloride differ from the b>- 
ehloride of mercury f What is the common name for the bi-chloride 
of mercary ? What is the common mode of making calomel? What 
pioportione of corrosive sabUmate and mercury combine and form calo* 
bmI ? What two principiM are strikingly illustrated by this combiaa* 
tion ? W hat is the composition of solphnnt of mereary i 
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known pigment vermilian. Cinnabar occurs in natore, in 
large quantities, and is the substance, as already stated, from 
whicb mercury is chiefly obtained. 

SILVER — 110. 

Silver is jfbund native in small quantities. It also occurs 
mixed with several other metals, as copper, antimony, arse- 
nic, and sometimes with gold, but is cfiiefly found in combi* 
nation with sulphur, forming a sulphuret of silver. 

This metal, when pure, admits of a lustre only inferior to 
that of polished steel. Its specific gravity is 11, being about 
half that of platina. In malleability and ductility it excels 
all the other metals except gold and platina. 

Silver is fused by the heat of a common furnace, and by 
a long continued and high degree of heat it may be volatal- 
ized, or turned into vapor. By slow cooling, this metal may 
be obtained in regular crystals. It is not oxidated by ex. 
posure to the combined action of heat and moisture, but is 
readily tarnished by sulphureous yapor. Sulphuric acid dis- 
solves this metal when assisted by heat, but its proper solvent 
is nitric acid, with >rhich it readily combines, and when the 
solution is evaporated, forms nitrate of silver, a substance 
known under the name o£ lunar catutic. . 

Silver is precipitated from its solutions, by several of the 
other metals in its metallic form. This happens when any 
other metal, having a stronger affinity for oxygen than silver, 
is placed in a solution of this metal. 

If a quantity of nitrate of silver, or lunar caustic be dis- 
solved in water, and a slip of clean polished copper be dipped 
into it, the copper will be covered with a coat c^ silver. 

Diana^s silver tree is made by precipitating silver from its 
solution by means of mercury. This interesting experiment 
may be performed in the following manner. Mix together 
six parts of a solution of nitrate of silver, and four parts of 
a solution of nitrate of mercury, both completely saturated. 

Add a small quantity of rain water, and put the mixture into 

■ 

'What is the more common name for this compound ? What is Ver- 
million ? In what states does silver occur ? What is the substance 
with which it is chiefly found combined ? What is its specific graTitj? 
What is said of its malleability and ductility f How may silYer be 
obtained in crystals ? What vapor readily tarnishes silver ? What is 
the proper solvent of this metal ? What is the salt formed when sil* 
Ter is dissolved in nitric acid ? How is lunar caustic formed ? How 
may silver be precipitated in its metalhe form f What is the prooe» 
for forming Diana's silver tree? 
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a glass decanter, containing six parts of amalgam, made of 
seven parts of mercury by weight, and six parts of silyer leaf. 
In the eonrse of some hours there will appear small shining 
scales of metallic sihrer on the amalgam, which will increase, 
and shoot out in the form of a silver tree, producing a very 
beautiful appearance. 

Silvering powder may be prepared in the following man« 
ner. Precipitate silver from its solution in nitric acid, by 
dropping into it some plates of clean copper. Take 20 
grains of this powder, and mix with it two drachms of cream 
of tartar, the same quantity of common salt, and half a 
drachm of alum. These articles must be finely pulverized, 
and intimately mixed in a mortar. If a little of this powder 
be moistened, and rubbed on a clean surface of brass or 
copper, the silver will be precipitated, and the surface of the 
metal will be covered with it. In this way the silvering of 
candlesticks, or other articles, where it is worn off, may be 
replaced. The addition of the other articles to the precipi* 
tated silver, probably serves no other purpose than to keep 
the surface (^the brass perfectly clean, and free from oxide, 
as the powder is rubbed on. 

Silver may also be precipitated on ivory and then revived 
by the action of solar light. Into^a dilute solution of nitrate 
4^ silver immerse a slip of polished ivory, and let it remain 
oatil it acquires a yellow colour, then place it m a tumbler 
of pure water, and expose it to the direct rays 6f the sun, 
for a few hours, or until it turns black. If now it be 
gently rubbed, the surface will be changed into a bright 
metallic one, and the slip of ivory will, in appearance, be 
transmuted into one of silver. This change is caused by the 
de-oxidizing power of the solar ra3rs, in consequence of 
which, the oxyeen is separated from the silver, and the metal 
reduced to its former state* 

A very useful solvent of silver is made by dissolving one 
part of nitre with about eight parts of strong sulphuric acid* 
This solvent, when heated to about the temperature of boil- 
ing water, will dissolve silver, without acting on gold, copper, 

■ II ■ I I..I ■■■ ■ , ■ II. II I. .. I I I II m, 

How mfty silverinsf powder be prepared? What is the use of this 
sUvering powder ? Of what use are the other mgredients in this pow- 
der besides the precipitated silver? What is the process for silvering 
ivory ? How do you account for the return of the silver to its metallie 
state by being placed in the sun ? What is the composition of a sol* 
vent for silver, which does not act upon other metals * 
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lead, Of iron, and hence may be conveniently used to eztraet 
the silver from old plated goods, ^c. 

The combining number for silver is 110, it having been 
found that the oxide of this metal contains 110 silver, and 8 
oxygen. 

The sulphnret of silver is composed of 110 of the metal 
and 16 sulphur. 

GOLD — 200. 

This well known precious metal is found only in the me- 
tallic state, either alone, or mixed with other metals. Con- 
sequently there is no such thing as an ore of gold. This 
metal is sometimes found disseminated in rocks, but alwajn 
in its metallic state, and never mineralized by sulphur, ozy« 
geii, or any other substance. The specific gravity of gold 
is 19. It is'the most malleable of all the metals, and in duc- 
tility is only excelled ^y platina. 

The extent to which a given portion of this metal may be 
spread, and still continue a perfectly unbroken surface is truly 
astonishing. A single grain of the best wrought gold leaf is 
found to cover fifty- six square inches, and it would take near- 
ly 30,000 such leaves to make an inch in thickness. This, 
however, is not the utmost limit to which its tenuity may 
be extended, for the wire used by lace makers is drawn from 
an ingot of silver gilded with this leaf, and from the dianneter 
of the ingot, compared with that of the wire, it has been 
found that the covering of gold on the latter is only a twelMi 
part the thickness of gold leaf. Supposing the leaf whea 
first placed on the silver to have been the 30 thousandth part 
of an inch in thickness, the covering on the wire would re- 
quire 360,000 times its own thickness to make one inch ; 
and still this covering is so entire that even with a micro- 
scope the silver is not to be seen. 

Gold is the only metal which can be made so thin as to 
transmit the rays of light, and the rays so transmitted, instead 
of being of the same colour with the metal, are green. 

This metal, when pure, is not oxidated, or otherwise alter- 
ed, by being kept in fusion, in the highest heat of a furnace 
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What is the equiyalent number for silver ? In what Mate is goM. 
always found ? Are there any ores of gold ? What is the specific grav- 
ity of gold ? What illustrations are given of the malleability of gold? 
WhaA is said of the thickness of this metal on the wire used by laoe 
makers f What is said of the light seen through gold leaf ^ -How is 
gold efiected by continued fusion at the highest degrees of heat ^ 
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for any length of time. Sulphuric, nitrie, or muriatic acid, 
do not alone produce the least action on gold, but when 
two parts of nitric, and one of muriatic acid are mixed, form- 
ing aqua regia^ the mixture dissolves this metal with facility. 
Put some nitric acid into one vessel, and some muriatic acid 
into another, and throw a little gold leaf into each. Not the 
least action on either will be produced, but if the contents of 
one vessel be poured into the other, immediate action will eo^ 
sue and the metal will soon be dissolved. 

The solution of gold is decomposed by many substances 
which have a stronger attraction for oxygen than this metal 
has, and by absorbing the oxygen restores the gold to its me- 
tallic state. 

If a piece of ribbon, or other substance be moistened with 
some dilute solution of gold, and exposed to the action of a 
current of hydrogen, the gold will be revived, and the rib- 
bon, or other substance, will be covered with a film of gold. 
By means of a camel hair pencil, the solution may be applied 
to the ribbon in regular figures, and as the appearance of the 
ribbon is not changed by the application, untH the hydrogen 
is thrown upon it, a striking experiment may be made in this 
way. ' The hydrogen must be applied while the ribbon is 
moist, and may be blown on, through a tube attached to a 
bladder containing it. 

Sulphuric ether, precipitates gold, but instantly dissolves 
the precipitate, forming an etherial solution of the metal. 
This solution is sometimes employed to gild lancets, scissors, 
and other instruments, in order to preserve them from rust. 
This is readily done by the following method. Into a given ^ 
quantity, say an ounce of the nitro-muriatic solution of gold, 
pour twice as much sulphuric ether; shake the vessel and let 
it stand two or three minutes, and then pour into another ves- 
sel about one-third of the mixture. The acid does not mix 
with the ether, but settles to the bottom of the vessel, leaving 
the ether in possession of the gold on its surface ; the por- 
tion decanted into the other vessel, therefore is an etherial 
solution of gold. Any perfectly clean and polished steel in- 
strument will be covered with a coat of gold if dipped for a 
moment into this solution. When taken from the ether it 
should be instantly plunged into pure water to wash ofiT any 

What acids dissolve gold ? How may the solutions of gold be de- 
composed f In what manner may figures of gold be made on ribbon ? 
What are the directions for making an etherial solution of gold ? In 
what manner may steel instruments be gilded with an etherial solution 
of gold f 
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murdcks of acid, which may be retained ia the sohitioii. 

The instrument may afterwards be buroishedy when it wiU 
have all the appearance of the best gilding. 

In this case, the gold appears to be in its metallic state, and 
to be retained on the surface of the steel by the attractiou of 
cohesion, while the ether evaporates. 

PLATINUM.— 96. 

Platinum is a white metal, resembling silver, in colour, but 
a little darker. It is the heaviest of all known bodies, having 
a specific gravity of 2*2. 

This metal comes chiefly firom several parts of South Amer- 
ica, where it is found in small grains, or scales, exceedingly 
heavy and nearly the colour of wrought iron. In this state 
it is alloyed by several other metals, and requires to be puri- 
fied before it is malleable. It was was first discovered in 
1741, but has not been applied to any considerable use mitil 
vnthifi the last twenty years. This metal has lately been dis. 
covered in considerable quantities in Russia, and is employed 
for the purposes of coin, for which it is well Adapted. 

Platina, like iron, may be welded, and like gold, suffers no 
change from the combined agencies of air and moisture, or 
by long continued heat. For many purposes, therefore, it is 
I the most valuable of all the metals. 

This metal is so difiicult of fusion as to undergo the great- 
est heat of a smith's forge without the least change. None 
of the acids act on it, except the nitro-muriatic, the solvent of 
gold. 

Platinum, is purified and obtained in a malleable state by 
dissolving the grains in 8 times their weight of aqua regia, 
assisted by heat. The acid only dissolves Uie platinum, leav- 
ing the iridium, and osmium, the metale^ with which it is al- 
loyed, in the form of a precipitate at the bottom of the vessel. 
The acid solution is then evaporated, and the metal precipita. 
ted by ammonia. The precipitate thus obtained, is heated 
in a crucible, lined with a mixture of clay and charcoal, to 
the utmost degree that can be attained in a blast furnace, 

Wbat is thd colour of platinttm ? What b its ■peeifie gravity i 
Is there any known body of grreater apecific gravity than platina f In 
what countries is platina found f When was this metal discovered? 
In what reepect does platina possess the property of iron f In whtir»> 
■pect is this metal like gold ? W hat is said of the action of beat, and 
of the acids on platinum f 
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When the ammonia and acid are driven off, and the fused 
metal falls to the bottom of the crucible. It is aflerwariis 
several times heated, and hammered, when it becomes both 
ductile and malleable. In small quantities, this metal may 
be fused by the compound blowpipe. 

Platinum combines with many of the other metals by fusion, 
and forms alloys which possess various properties, some of 
which are useful. 

Copper, when alloyed with from one-sixth, to one-twenty- 
fifth part of platina, becomes of a golden colour, is much less 
readily oxidated than before, and receives a fine polish. 

With iron, platina is said to form a compound highly es- 
teemed by the Spaniards, for the purpose of making eun- 
barrels, which are stronger, and less apt to rust than iron 
alone. 

From its infusibility, and the difficulty with which it is ox- 
idated, this metal is highly useful in the arts, and particularly 
for making various chemical and philosophical instruments. 

Retorts of platina are now employed instead of lead, for 
the distillation of sulphuric acid. Being acted on neither 
by heat, nor any single acid, such vessels will probably last 
even for centuries without repair. Their expense would, 
however, often be an objection to their use. In Mr. Ten- 
nant's great works for the manufacture of bleaching salt, ajt 
Glasgow, it is said there are nine platina retorts, which cost 
about 2,500 dollars each. 

Platina is the slowest, or most imperfect conductor of heat, 
among the metals, and from this quality, together with that of 
sustaining a high degree of heat without oxidation, it may be 
employed to construct the apMogisHc or ftameUss lamp. 

This curious lamp retains a coil of platina wire, constant- 
ly at a white heat without either flame or smoke. It may be 
constructed in the following manner. 

The platina wire to be used for this purpose is about the 
thickness of card, or brass wire. No. 26. If larger, the heat 
is carried off too fast, and the ignition ceases, and if much 
finer, it does not retain sufficient heat to keep up the evapora- 
tion of the alcohol, by the combustion of which, the heat of 
the wire is maintained. 



How Is this metal purified and rendered malleable ? Does platinum 
Ibrm alloys with the other metals by fusion ?^ What alleys of platina 
aie mentioned as being usefnl ? For what nsefol purposes has the 
pure metal been employed ? Is platina a good^ or bad conductor of 
heat ? What is the aphlogistic, or flamelefls lamp ? 

19 



214 PLATtmnc. 

Such s piece of viie, six or eight inches long, a piece of 
g)aB8 tub«, and a low via)| are tb« chief materials for the con* 
structioa of this lamp. . 

Fig. 62. The coil A, fig. 62, is made 

']y winding the wire round a { 
)iece of wood, cut of the pro- 
ler eize and shape. The size 
B determined hy that of ths 
iperture of the tube, allowing 
for the diameter of the win. 
[l8 shape is a little conical, or 
tapering upwards. In winding 
the coil, it is best thai the tunu 
afthe wire should come in con- 
tact, and after wards gently ex- 
tended, so as to come as neail; 
Bs possible to each other with- 
out touching. The diameter 
of the coil msy bs one-fourth, 
or one-sixth of an inch, and its 
length half an inch, containing twenty or thirty turns of th« 
wire. 

K is a glass tube three or four inches long, containing the 
cotton wick by which the alcohol is carried up to the wire. 
The wick passes about half way through the coil. 

C is the body of the lamp which contains the alcohol. It 
is a low vial, or glass inkstand, capable of holding two or 
three ouaces. The glass tube passes through a cork and dipt 
into the fluid. i> is a smalt tube through which the alcohol 
is poured. This must be stopped to prevent evaporation. 

When the lamp is thus prepared and filled with alcohol, the 
fluid is set on fire by holding the plstina wire in the Same aS 
a candle, and after a few minutes, or when the coil becomes 
red hot, the flame is blown out, and if every thing is properly 
adjusted, the wire will remain red hot as long as the vial con- 
tains alcohol. 

The following appear to be the causes of the permanent 
ignition of the wire. Alcohol, when in the state of vapor, 
combines with oxygen with facility. The temperature of the 
wire is raised by the flame of me candle to about 800 de- 

EipUuD fig. 63, ajid describe the comlructioa of the flunelen Imap. 
With what fluid ii the lunp fitledP How ia il lighted ^ Elzpluiilba 
plincipUa which cause the peiinuisnt igiutiaa of the plstina wire. 
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gfees, the point at which alcohol combines with oxygen, or is 
combastible. When this is once effected, the caloric extrica- 
ted by the combustion of the alcohol is sufficient to keep the 
coil at a red heat, which again is the temperature at which 
tlcohol is combustible, so that one portion of alcohol by the 
absorption of oxygen, and the consequent evolution of heat, 
prepares the wire to effect the combustion of another portion, 
and as the alcohol rises in a constant stream of vapor, so the 
ignition is constant. 

In cases where a light might be suddenly wanted, this 
lamp is highly convenient, 'for by touching a match to the 
coil, and then to the wick of a candle a light b immediately 
obtained. 

Platinum combines with oxygen in two proportions forming 
the 

PUitinum, Oxygen. 
Protoxide, composed of 96 and 8 
Peroxide « 96 «« 16. 

PALLADnrSC. RHOmiTM. IRIDIUK AND OSMIUM. 

These four metals were found by Dr. WoUaston, and Mr. 
Tennant, among the grains of platina brought from South 
America. 

Palladium, This metal resembles platina in color, but is 
not quite so brilliant. It is malleable and ductile, and its spe- 
cific gravity is about 11.5. Its fusing point is between those 
of gold and platinum. It is soluble in the sulphuric, nitric, 
or muriatic acids. Neither the metal nor its oxides have 
been applied to any use. Its atomic weight or combining 
number is 56. 

Rhodium. This metal is hard, brittle,'and its specific grav- 
ity is about 11. It is not acted on by any of the acids, 
not even the nitro-muriatic, except when alloyed by other 
metals. It requires the strongest heat of a wind furnace for 
its fusion, and when pilre is of a white colour, and brilliant 
lustre. Its solution in nitro-muriatic acid is of a rose red 

What ifl the use of the aphlogittic lamp? What ia the equivalent 
numbor fyr platinum ? What are the names of thd oxides of this 
metal, and what the proportions of their elements f Where were the 
metals pidladium, rhodium, iridium and osmium, first discovered ' 
What is the colour, and what are the properties of palladium ? What 
m the comhininff number for palladium ? What is the specific grravity 
of rhodium ? What ii the colour, and what are the properties of rho- 
dium f 
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coloui', and hence the name rhodium^ from a Greek word og- 
nifying a rose. 

The atomic weight, or combining number of rhodium is 44. 

Iridium and Osmium. When platina is dissolved in aqua, 
regia, there remains a black, heavy powder, at the bottom of 
the vessel, which consists of a mixture of iridium and osmi- 
um. Iridium has been fused, only by the heat of an im- 
mense galvanic battery. The metal is white, and of a spe- 
cific gravity next to that of platinum, being 18.5. It is dis- 
solved with great difficulty in any of the acids ; has been 
obtained only in small quantities, and is of no use. 

Osmium is of a dark grey, or blue colour, and capable of 
supporting a white heat without being volatilized, or fused. 
The oxide of this metal is precipitated in its metallic state 
by copper and several of the other metals, and the precipitate 
being agitated with mercury, an amalgam is formed, which 
being heated, the mercury is driven off, and the osmium in a 
pure state remains. In this manner is the metal obtained. 
It is of no use, and has been procured only in small quanti- 
ties. 
m 

CLASS n. 
Metals, the oxides of which, are not reducible to the me- 
talUc state by heat alone. ' 

Order 1. Metals which decompose water at conunoa tern- 
peratures. These are 

Potassium, Lithium, Strontium, 

Sodium, Barium, Calcium. 

These metals attract oxygen with the most intense degree 
of force. They absorb it from the atmosphere, and even 
decompose water, by combining with its oxygen, at common 
temperatures. Such is the force by which they hold this 
principle, that their oxides had resisted all attempts to decom- 
pose them, until the discovery of galvanism placed in the 
hands of men a more powerful decomposing agent than was 

t 

From what circamstance is the name of this metal derived ? What 
is the equivalent number of rhodium ? How are iridium and osmium 
obtained ? What is the specific gravity, of iridium ? What is said of 
its fusibility, and solution in acids ? What are the properties of osmi- 
um ? How is osmium obtained in its pure state ? What is the defini- 
tion of class 2 ? What is the definition of order 1st, of this class ? 
What are the names of the metals belonging to this order ^ What is said 
of the intense degree offeree with which Uiese metals attract oJLygen ^ 
By what decompo^g agent were the alkalies shown to be the oxides 
of metalff 
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before known. By means of the most intense electrical re- 
pulsion, the alkalies, before considered as simple bodies, were 
shown to be the oxides of metals. After the secret of their 

m 

composition was known, chemists devised other, and less ex- 
pensive means of effecting their decompositions, so that at 
the present time sodium and potassium, at first the most ex- 
pensive of all substances, are within the means of any one. 

poTASsnjM— 40. 

If a small piece of pure potash, slightly moistened, be put 
between two plates of platinum connected with the poles of 
a galvanic battery of 200 double plates, the alkali will soon 
be fused and decomposed. Oxygen will separate at the pos- 
itive pole, and small metallic globules, like quicksilver, will 
appear at the negative pole. In this manner. Sir H. Davy 
first determined the composition of potash, and separated its 
elements. Potash, therefore, is a compound coilsisting of a 
metal, called patMsium, united to oxygen. 

By this process the metal can be obtained only in minute 
quantities ; but chemists, now understanding that to obtain 
potassium in any quanity, only required that the oxygen shovdd 
be separated from potash, soon found more ready means of 
performing the experiment. The following is the n\ethod 
first employed by Thenard. 

A clean and perfectly sound gun barrel is provided, and 
bent in the manner shown in fig. 63, and covered with an 
infusible lute between the letters O and E, fig. 1. Tbe in- 
terior of the luted part is filled with cl4an irpp turnings, and 
pieces of fused potash are placed loosely in Uie part between 

Eand C. 

■ ■ ■ . ., . 

Whttt i« the proeeis by which Sir H. Dary^i decomposed potash ? 

19* 




A, A, is a copper tube and small receiver, adapted to the 
extremity of the barrel 0, and to each other by griading. 
This apparatus is then tranBferred to a furnace, arranged as 
shown by <ig- 2. At each end of the barrel are the glass 
tubes X and T, dipped into cups of mercury, so as to lot the 
air from the barrel escape, as it is rariiied by the beat, and 
at the same time prevent its return. The fiimace is supplied 
whb air by a double bellows entering at B, and a small wire 
basket, G, is suspended in the space between E, and C. The 
part of the barrel in the furnace is novr raised to a white h^U, 
and the escape of air by the tube X, shows that all is tight. 
Some burning charcoal is now placed in the end E, of the 
basket, which causes a portion of the potash to liquefy and 
fall into the lower part of the gun barrel, among the iroa 
turnings. Hydrogen gas instanUy escapes at the tube X, in 
consequence of the decomposition of the water contained in 
the potash, by the heated iron. The copper tubes, A, A, 
must now be kept cool by wet cloths. When the evolution 
of gas ceases, fresh charcoal is placed under the potash, and 
so on (ill the whole has passed down. If too much potash 
he allowed to fall down at once, the extrication of hydrogen 
at X, will be violent, and should be avoided. If the apaco 
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between A and 0» should become stopped by potassium, 
the gas will issue at the tube T, and then some burning 
charcoal must be placed between A and O, which will re- 
move the obstruction. 

When all the potash has been fused and made to pass 
among the iron turnings, the process is finished, and then 
the tubes X, and T, must be removed, and the ehds of the 
barrel instantly stopped with corks until the apparatus has 
cooled. The barrel is then carefully removed, and a little 
naptha suffered to run through it, by which the potassium is 
coated, and thus preserved from the contact of air, while 
pouring out of the barrel. The potassium is found in 
globules in the tube and receiver. A, A. 

The success of this process is« certain if the- heat is suffi- 
cient, but the barrel, if not carefully covered with lute, is apt 
to melt, when most, if not all, the potassium will be lost. 

In this process Ihe decomposition of the potash is effected 
by the iron turnings, which at a high heat have So strong an 
attraction for oxygen, as to absorb it from the potassium, 
and as the iron combines with the oxygen, the potassium is 
left in its pure state. 

Potassium is solid at ordinary temperatures, but becomes 
fluid at 150^, and then appears like mercury. It is perfectly 
opaque, and a good conductor of electricity and caloric. At 
the temperature of 50° it is soft like wax, and yields to the 
pressuse of the fingers. In this state it resembles* an amal- 
gam of mercury and tin. Its specific gravity is 0.865, water 
being 1.000. 

The most prominent chemical property of this metal is its 
extreme avidity for oxygen. When exposed to the air it 
oxidizes rapidly, and when thrown on water it decomposes 
that fiuid, by absorbing its oxygen with such rapidity as to 
set itself on fire, and burns with a white fiame, and great evo- 
lution of heat while swimming on its surface. 

What is the condition on which it is said this experiment will cer- 
tainly succeed I What is the principle on which the decomposition 
of the potash is effected by means of iron turnings and heat? What 
is the appearance of potassium ? Is it a conductor of caloric and elec- 
tricity ^ At what temperature does it become fluid, and at what tem- 
perature is it solid ? What is the specific gravity of this metal/. What 
phenomena are produced when potassium is thrown on water? 



/. 



SM) POTASSITTM AND 0XY6EN« 

POTASSIITH AND OXYOSlf. 

Protoxide of PoUunum 48. 
^^^^ 1 p. Potassium 40+1 p. Oxygen 8. 

/ Potash, 

Potassium combines with oxygen in two proportions^ form- 
ing the protoxide, and peroxide of potassium. The first, 
which is common potash, is formed whenever potassium is 
put into water, or exposed to dry air, or oxygen gas. 

The proportion of oxygen which this metai absorbs, to 
convert it into potash, is readily ascertained by the volume 
of hydrogen liberated when it acts on water. For, when 
potassium is plunged at once under that fluid, it is oxidized 
without the evolution of light or heat, and it is found that 
each grain of the metal so placed, separates 1.06 cubic inches 
of hydrogen gas. Now by knowing previously what are the 
relative volumes and weight of hydrogen and oxygen com- 
posing water, it is easy to calculate the exact quantity of ox- 
ygen absorbed, by the above data. 

Or the same result may be found, by ascertaining how 
much water by weight, a given number of grains of potassi- 
um will decompose. Thus Sir H. Davy found that 40 gruus 
of this metal decomposes precisely 9 grains of water- Now 
as 9 grains of water is composed of 1 grain of hydrogen 
and 8 oxygen, so 40 parts of potassium combines with 8 
parts of oxygen to form oxide of potassium, or potash* Pot- 
ash is therefore composed of 

Potassium 40 or one atom. 
Oxygen 8 or one atom. 

48 combining number for potash- 

When potassium is allowed to absorb oxygen in the open 
air, or when plunged under water, it combines with only one 
proportion of oxygen, as above stated. But when this metal 
burns in the open air, or in oxygen gas, it is converted inta 

In how many proportions does potassium combine with ozygon? 
What common substance is formed when potassium is exposed to the 
air? When potassium is plunged under water, how is it ascertained 
what quantity of ozj^en it absorbs ? Suppose 40 grains of potassium 
decomposes 9 grains of water, how does it appear in what proportioa 
potassium and oxygen combine ? What is the equivalent number for 
potash? When potassium is burned in the open air, or in oxygen 
what proportion of oxygen does it absorb ? 
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an orange coloured substance which is the peroxide of po- 
tassium. This is composed of 

Potassium 40 or one atom 
Oxygen 24 or three atoms. 

The potash of commerce is obtained from the ley of wood 
ashes, boiled down in pots, and hence the nume, poUuh. It 
is chiefly used in the mdnufacture of soap and glass. For 
the former purpose the ley itself is often employed, and is 
better than the solid potash, dissolved in water, since the 
potash soon absorbs carbonic acid, and then its quality for 
soap making is in a great measure destroyed. From this 
circumstance it is, that soap makers mix with their ley a 
quantity of newly burned quick lime, which renders the so- 
lution of potash more caustic by absorbing from it the car- 
bonic acid, with which it has combined, by exposure to the 
air. 

Sofl soap only can be made from potash, while hard soap 
is made from soda. 

Common green glass is made by fusing sand and wood 
ashes together by means of an intense heat produced by the 
combustion of dried wood, in a blast furnace. Flint glass, 
which is perfectly white and transparent, is made by fusing 
together a quantity of potash and white sand, or ground 
quartz, to which are added a proportion of lead and a little 
manganese. 

Potashy sdU of tartar i salt of toormwood, pearhash^ sal- 
isratisy oxide of potassium^ and carbofuUe of potasky are 
only different names for the same article, some of which are 
more pure than others. 

soDnrx — 24. 

By the same process which proved potash to be a com- 
pound body, soda was also found to be of the same nature. 
Although first procured by means of galvanism, it may be 
obtained by precisely the same method as that described for 

What is the oxide called which is so fonned ? How is the potash 
of commerce procured ? In what manufactures is the article chiefly 
employed? What is the use of carbonate of lime in soap making^? 
How do the soaps made from potash and soda differ ? What are the 
materials for making green glass ? What are the materials for making 
flint glass ? What other names are applied to potash? What is the 
process of decomposing soda and obtaining* the metal sodium? 



• / 



S22 SODIUM Ain> OXYGEN. 

liie prodvction of potassium, only placing '&roda in the gun 
barrel instead of potash. 

Sodium has a strong metallic lustre similar to that of sil- 
ver. It is a little less fusible than potassium, not becoming 
perfectly fluid until it has acquired the temperature of nearly 
iOO®. Its specific gravity is somewhat greater than that of 
potassium, being 0.972. When thrown on water it pro- - 
duces a violent effervescence, but does not inflame lifce po- 
tassiiyn. The water is decomposed by its action, hydrogen 
escapes, and there remains a solution of soda in th^ water. 
Like potassium, it must be preserved in a vial covered by 
najpthay a substance which contains no oxygen. 

SODIUM AND OXYGEN. 

Protoxide of Sodium 32. 

1 p. Soda 24+1 p. Oxygen 8. ^ * 

Soda. \ 

Whto.the metallic base of soda is burned in dry atmos- 
pheric air, protoxide of sodium, or soda, is formed. The 
same compound is formed when sodium is thrown into water, 
and the oompositioa may therefore be determined in the { 
manner already described for potassium. From such an oi- 
periment it has been found that soda is composed of 

Sodium 1 equivalent 24 

Oxygen 1 do. 8 | 

32 equivalent of soda. 

The peroxide of soda, is composed of the same equivalent 
of sodium with 2 equivalents oi oxygen. Sodium 24, oxy- 
gen 16—40. 

Soda is readily distinguished from other alkalies by the 
following characters. . With muriatic acid' it forms the com- 
mon table salt, with the taste of which, every one is familiar. 
With sulphuric acid it forms Glauber's salt, or sulphate of 

What is the appearance of sodium f In what respects . ftoes this 
9)etal difier from potassium? What is the effect when sodium it 
thrown upon water ? How is the metal preserved ? What compound 
19 formed when sodium is burned in atmospherre air, or {hrown into 
water ? What is the composition of protoxide of fodium, or soda. 
What is the equiralent number for soda ? How is soda distinguiijMi 
from the other alkalies f h. . "^ ^ 
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loda. All the sidts of soda are soluble ia water, and are not 

precipitated by any other substances. 

SODIUJIC AND CHLOiaNE. . 

Ckhride of So^um 60. ' 
1 p. Sodium 24+i^. Chlorine 36. 
Common Sdk^ 

When sodium is exposed to chloilne, or is heated in muri- 
atic acid gaS) the salt is formed") lately known under the 
name of muriate of soda, or common salt. This is an abun- 
dant product of nature, and exists rea99y formed, in Spain, 
England, Poland, and other countries, in large quantities. 
In these countries it is dug out of the earth, and is known by 
die name rock salt. Sea water and certain springs also 
contain this salt in solution. 

When common salt is dissolved in water, and the solution 
is evaporated rapidly, it crystallizes in the form of hollow 
fbur.sided pyramids ; but if allowed to evaporate spontane- 
ously, it occurs in regular cubes. Thus the crystals show in 
what manner the salt has been manufactured. In England, 
vast quantiti^ of salt are annually raised from the mines, 
chiefly of Cheshire, and purified for sale. The impurities 
consist chiefly of clay and oxide of iron; besides which, it 
contains various proportions of sulphate of magnesia, or Epsom 
salt, sulphate of lime, and muriate of lime. It is purified by 
being dissolved in sea-water, and subsequently evaporated. 
Formerly all the English salt was evaporated by artificial 
heat, the brine being boiled until it was ready to shoot into 
crystals. Its crystals were therefore always in the form of 
hollow pyramids. But it km been supposed by yictjb^llers 
alid others, that this salt is far less efficacious as a preserver 
of animal food, than that prepared by the spontaneous evapo- 
ration of sea-water in hot climates. Hence salt from the West 
Indies, which is crystallized in solid cubes, is preferred for 
curing provisions for long voyages, or for summer use. In* 
■ « . 

What is chloride of sodium ^ What the souces of common salt f 
When a stAution of common salt is OTapora^ed rapidly, what iathe 




iSeicrystals of this salt always imdie £>rm of hallosr pyramids f What 
salt was fonnerly txajfifon^d ^fft^J^ the pBeatrvslioii <£ animal sub- 
atances? 
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this country, although immense quantities of common salt are 
manufactured, by the evaporation of water from salt springs 
and from the sea, and a sufficient supply for our consumption 
might be made, yet we annually import large quantities from 
the West Indies, there having been, until lately, an opinion 
that no other kind would preserve animal substances through 
the hot season. 

Dr. Henry, for the purpose of ascertaining the difierence 
between English salt, crystallized by heat, and that from the 
West Indies, crystallized by spontaneous evaporation, ana- 
lyzed many specimens of each. The result showed the pres- 
ence of sulphate of magnesia and sulphate of lime in both, but 
the dijSerence in the quantity of muriate of soda in several 
specimens of each kind was so trifling, as to make no possi- 
ble difference in respect to their preserving qualities. , It is 
presumed therefore, that the prejudices in favor of foreign 
salt ought to be discarded as imaginary, and that equal 
weights of fine or coarse salt, whether made by artificial or 
spontaneous evaporation, are equally efficacious for all pur- 
poses. 

Common salt contains no water of crystallization, but de- 
crepitates remarkably when heated, owing to the conversion 
of the water into steam, which is mechanically confined with- 
in its crystals. Its solubility is not, like most other salts, in- 
creased by heat, and it requires two and 9. half times its 
weight of water for solution. 

LITHIITM. 

» 

Lithia is an alkaline substance, discovered by M. Arfwed- 
son, a Swedish chemist, in 1818. It exists in the minerals 
called spodumenef and lepidolite, and also in some varieties of 
mica. 

This alkali is distinguished fropi potash and soda, by its 
power of neutralizing larger quantities of th^ different acids, 
and by its action on platinum, when melted on that metal. 

In respect to its metallic base, called lithium. Sir H. Davy 
succeeded, by means of galvanism in obtaining a white metal 



What is said of the real difference between salt made by rapid or dow 
evapoiatiott f Does common salt contain any water of crystaUization ? 




minerals is this«ikaU fouui^ How is Mtiua distinguished from 
andsoda^ 



•. v 






1 



^ from Mua, similar inqipaaraiiQe to soduim, but it wm oxidise 

ed 80 rapidly, and reconverted into the alkali, that it could 
not be collected. 

From the experiment of several chemists on the sulphate 
oflithia, it is inferred that the alkali lithia, is composed of the. 
metal lithium 10, combined with oxygen B, making the com- 
bining number for lithia 18. 

Lithia has been procured only in very small quantities, 
and has never been applied to any useful purpose. 

BABtUH — ^70. 

There is a substance called sulphate of harytes which is 
found abundantly in nature. By the decomposition of this 
substance, an alkali is obtained, called baryta or harytes* 
When barytes, in the form of paste mixed with water, is ex- 
posed, in contact with mei^cury, to the action of a powerful 
falvanic battery, its decomposition is effected, and the metal 
ariumy its base, amalgamates with the mercury. The amal- 
gam being exposed to heat, the mercury is driven off, and 
pure barium remains. 

The metal thus obtained, is of a dark, grey colour, with a 
lustre inferior to cast iron. It fuses at a beat below redness* 
and at a red heat is converted into vapor, which acts violently 
upon glass. The specific gravity of barium is four or five 
times that of water. When exposed to the air, it falls into 
a white powder, which is found to be an oxide of barium or 
barytes. When heated in oxygen, it burns with a deep red 
light, and when thrown into water, the fluid is decomposed, 
Iv^drogen being extricated. / 

BARIUK A3XD OXYGEN. 

PrtAoxide of Barw»~^l%. 

. 1 p. Barium 70-f- 1 p* Oxygen 8. 

Baryles. 

When the metal barium,^ is exposed to the air, it falls iiito a 

EQwder, which was formerly called pure barytes^ or bai^ta, 
ut wbichi Sir H. Davy has proved by the above stated ex- 

— ^~** — — — ■■ ^^— — ^— — ^— ^-^— ^— ^^ ™ 

Wh»t i» knoLwn qoncwaisig tb^ . m«tftlUc.)»tse of this alkali f 
What &re the equivalent juunbevi of Uthium^aiul lithia^.' How is bary- 
$m ol^tained ? By what procesa ii bariam separated f^rom baryta ? What 
IS the colour of barium ^ At what temperatura . k barium fusible ? 
.V^hl^i is the specific gravity of bariura.^ Whsa barium is exposed ts 
u|/iy ^i^' what eeya^ond is formed? .. . ^ . < , 



p wi BKii t ) to oonsHit of a awltl ancl oaiyg«n* This fmbflUmce 
» tbeibfofe called o^ncfe o/* barmm* 

Oxide of barium may also be obtained by a difierent pro- 
eeas from that above described^ viz. by eipomg the carbon* 
ate to an intefiae heat, mixed with charood. 

The carbonate of bary tea is fouad iiatfre in small quaqtitiet, 
but may be obtained from the sulphate of barytes by a simple 
proeeas. Mix sulphate of barytes in ime powder, with tlu^ 
times its weight of carbonate of potash (pearlash), and a pro- 
per quantity of water* Let the mixture boil for an hour, now 
and then breaking the lumps into which it is apt to run, with 
a pestle. By this means th^ two salts will decompose each 
other, and there will be formed carbonate of barytes, and sul- 
phate of potash. The carbonate may now be exposed to a 
high heat, or it may be dissolved in nitric acid, and this de- 
<3omposed, which is effected by a moderate heat, when prot. 
oxide of barium, or barytes will be obtained. This substance 
is of a white colour, has a sharp caustic taste ; changes vege- 
table blue colours io green ; neutralizes acids, with which it 
forms salts, and is a strong poison. When "virater is thrown 
on it, it falls into fine powder, like quicklime, but with a great- 
er evolution of heat. 

Barytes is composed of 

1 equivalent, or atom of barium, 70 
1 do. of oxygen 8 

The equivalent combining number for barytes 78 

Barytes is soluble in about twenty parts of water, at coas* 
mon temperatures, and this solution forms a delicate test fax 
the presence of carbonic acid. The carbonate of barytes 
being insoluble in Water, a white cloud is instantly formed by 
the union. * 

sTBOimviC— 44. 

The sulphate and caitonate of s^rontian, or strontia, are 
native salts. They consist of pure strontian, combined with 
aulphurio and eaiiK>nic adds« fVom the sulphate, the car- 

When thrown hito wi^«r, m^hat «llbett are prodneed? I^ whit 
j^roeeM may barium be obtained withoat tfie aMnc|r of galvaakui I 
Bofw may earboaaiet^nmrytoa beextfiuAed from Uie ralphate ? What 
era the propertiet of bairytai, or protoxide of bsrinm ? What » thi 
eottpomtoa of barytes f In what quantity of water is barytes soiiriilf ? 
Why is bary tea a teat for cazbonie addr fiow if the GariNmate ol 
siroatiaa prodoeed from the au^hate ? 
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bonate may be procured by precisely the same meuis as al- 
ready described for barytes, and the pure oxide may also be 
obtained", and the metal strontium separated from it, by the 
same pro<5ess as that described for bar3rtes. 

Strontia resembles baryta in raofit respects. It slakes in 
water, ckusing an intense heat, and possesses distinct alka* 
line properties. 

The metal strontium is similar to barium in appearance, 
and when exposed to the air quickly attracts oxygen, and is 
converted into strontia. Perhaps the principal difference be- 
tween these two substances, which has been detected, is their 
different combinining proportions with oxygen, and the inert* 
ness of the oxide of strontium on animals. 

The protoxide of strontium consists of 

Strontium, 1 equivalent 44 

^ Oxygen, 1 do. 8 

52 

The oxides of barium, as already stated, are strong poi* 
sons^ but those of strontium are inert. 

When carbonate of lime, or white marble, is exposed to a 
red heat, the carbonic acid is expelled, and there remains a ' 
white caustic substance, well known under the name ofquick* 
lime. When this substance is exposed to the action of galva* 
nism, in the same manner as already described for the decom- 
position of barytes, calcium, the metallic base of lime is sepa- 
rated. This metal is of a whiter colour than barium, and has 
a lustre like silver. When exposed to the air, it absorbs ox- 
ygen, and is converted into quicklime, and when thrown into 
water, the fluid is decomposed; its oxygen being absorbed, 
while hydrogea is gi^en off, and a solution of lime remains. 

How is tho pure £arth strontia obtained from the carbonate f By 
what process is the metal strontium separated from strontia ? What is 
the appearance of this m^tal p What is the compositkm of strontia, or 
the protoxide of strontium ? W hat is the combining^ number of stron- 
tia? What is the diffemnoe between stfontia and baryta? What is 
^(«icklime ? How may quicklime be decomposed, and calcium, its me* 
tallic base, be separated ? What ia the appearance of calcium? / How 
k oalcitim converted into quiekttme ? What effect is produced w)iea 
ealoium ie thrown Into water? 
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CALCIUM AKD OXYGEN. 

Oxide of CoZctum— 28. 

1 p. Calcium 20+1 p* Oxygen 8. 

QuicMime* 

From the quantity of hydrogen evolved hy the action of 
calcium in water, it has been determined that lime is com* 
posed of 

Calcium 1 equivalent 20 

Oxygen 1 do. 8 

Making the equivalent for lime, 28 

Carbonate of lime exists in greaLabundance as a natural 
product, under the names of limestoney marble^ and chaHk. 
Quicklime, the pure earth, is obtained by exposing the car- 
bonate to heat, and is a substance of great importance in the 
arts, and particularly in building. Mortar is composed of this 
substance combined with water, and mixed with a proportion 
of sand. 

Quicklime absorbs w^ter with remarkable avidity, and at 
the same time a high degree of heat is produced. This pro- 
cess is called slacking^ and the heat is caused by the conden- 
sation of the water into a solid state, in consequence of which 
caloric is evolved. The lime will remain perfectly dry after 
having absorbed one third of its weight of water, which there* 
fore forms a part of the slacked lime, or hydrate of lime. 

Hydrate of lime is composed of 

28 parts, or 1 proportion of lime 
9 parts, or 1 ' do. of water, 

37 is thereforokits combining number. 

Lime is very sparingly soluble in water, and it is a singular 
fact, that it is more soluble in cold, than in hot water. Thus 
Mr. Dalton found that one grain of lime, at the temperature 
of 212"^, required 1270 grains of water for its solution, while 
at the temperature of 60^, the same quantity was dissolved in 

How is the combining proportion of oxygen with calcium determined? 
What is the composition of lime, or ozide of oaiciom ? What is the 
equivalent number for lime? What causes the heat, when water is 
tlurown on quicklime ? What is the sdentifio name for slacked quick- 
lime ? What is the composition of hydrate of lime ? What singnUr 
fact is mentioned concerning the solubility of lime in cold, and hoi 
water ? 



CHLORIDE OF LZMB» 2S9 

7T8 grains of water. By other experiments, it has been 
found that water at the freezing-point, wili take up just twice 
the quantity of lime that it will at the boiling point. Conse- 
quently, on heating lime water, which has been prepared in 
the cold, ajleposition of the lime will ensue. Lime water, 
therefore, when used for medicinal purposes, should be pre« 
pared in cold, instead of hot water, as commonly directed, 
and should also be kept in a cool place. It should likewise 
be closely stopped from the air, for, as the lime has a strong 
attraction for carbonic acid, of which the atmosphere always 
contains a small portion, if left open, it is soon converted into 
carbonate of lime, as shown by the production of a thin pelli- 
oie on its surface. 

Lime water is a delicate test for the presence of carbonic 
acid, with which it forms a white insoluble compound, the 
carbonate of lime. The air from the lungs contains a small 
quantity of carbonic acid, and hence on blowing into a vessel 
of clear lime water, it instantly becomes cloudy, or turbid. 

LIME AND CHLORINE. 

Chloride of Lime^^92. 

2 p. Lime 56+1 p. Chlorine 36. 

Oxymuriale of Lime. Bleaching powder. 

The gas called chlorine, as already shown, possesses strong 
bleaching, or whitening powers ; but aa it would be inconve- 
nient to manufacture this gas at every place wheie it is want- 
ed, and as its application is more convenient when combined 
with some other substance, it is found that in practice, these 
purposes are best answered by first combining it with lime. 
The manufacture of bleaching powder is a business of great 
importance, and is carried on in large establishments, pre- 
pared for the purpose. 

The retorts in. which the gas is extricated are made of lead 
or platina. If of lead, they must be of new metal and cast, 
for the gas acts on tin, a part of the composition of polder, and 

' How much more lime will water dissolve at the freezings, than at the 
boiling point ? Had lime water, for medicinal purposfes^ oaght to be 
made with hot, or, cold water? Why? Why ehould lime water be 
eloeely stopped from th« air p Why does Kme water become cloudy 
when air' from the lung» it blown into it ? What is the chemical name 
Ibr bleaching powder ? Does the bleachuig property exist in the lime 
orin the dilorine ? What are the advantages of combining the chlo- 
rine with the lime for this purpose ? Why mast new lead be used for 
retorts in making chlorine ^ 

20* 
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mnee M lead generally contftins a* portion of this sneiali oir« 
ing to its having formerly been soldered, it is soon destroyed. 
These retorts are placed in iron vessels of wateri to whieli the 
heat is applied. In large roannfaetoriesi eadi retort is capa- 
ble of containing 10 cwt. of common salt, groond with from 10 
to 14 cwt. of black oxide of manganese, in proportion as the 
latter contains more or less oxygen. This being introduced, 
there'is added from 16 to 18 cWt. of sulphuric acid of the spe- 
cific gravity of 1650. The lime recently slacked, is con- 
tained in trays, or shallow boxes of wood, placed in a laige 
chamber, built of granite, or siliceous sandstone, or lined on 
the inside with lead. This chamber has two windows of glass 
opposite to each other, through which the workmen ai^ ena- 
bled to see hpw the process goes on. Every part of this 
chamber is made air tight, the door being secured by fat lute, 
and strips of cloth. 

In order to get rid of the remaining gas, after the absorp- 
tion^ by the lime is completed, there are three trap doors, one 
in the roof, and two in the floor, or sides of the chamber. 
These are opened by means of ropes and pulUes, so that the 
workmen may avoid the vapor that passes out. 

The lime being placed in the boxes, the gas is let into the 
chamber from the retorts, under which a fire is afterwards 
kindled, in order to hasten the process, and obtain more chlo- 
rine. The gas, being heavier than air, is let in at the upper 
part of the room, and gradually descends, while the air in pait 
mixes with It, ^nd in part rises above it. 

The lime absorbs the chlorine with great avidity, its con- 
densation causing the evolution of a large quantity of caloric ; 
the latter circumstance is, however, to be avoided, as too high 
a heat decomposes the chloride of lime, by expelling the oxy- 
gen, and thus a muriate^ instead of a chloride is formed. The 
gas is therefore admitted slowly, in order to avoid this conse- 
quence. 

The process continues four days, before the absorption is 
considered sufficient to make the best bleaching powder, for 
its quality depends entirely on the quantity of chlorine which 
the lime contains. 



Describe the chamber in which the lime^ for tn&king the chloride of 
lime, is placed. What contains the lime, when placed in the chamber ? 




quired for making the best bleaching powder? 



' In soin* manu&ctories, the lime ki stirred, b)[ means of 
rakes, with long handles passing through the .«ides of the 
room, the passages being made close, by means of milk of 
lime, or lime moistened, so as to be about the consistence of 
cream, and contained in boxes, through whioH the handle 
passes. In others, the traps abore described are opened at 
the end of two days from the beginning of the process, and 
when the gas has subsided, the workmen enter, and rake 
over the lime, so as to present a new surface to the a.ction of 
the gas. Thj9 doors and traps are then closed, and the gas 
admitted for two days more, at the end of which time the 
process is finished, and the doors are again t>pened, and the 
chloride of lime removed, and put into close casks for use* 
' In general a ton and a half of good bleaching powder is 
considered the average product of each ton of the salt em- 
ployed. 

It is said that the principal difficulty in the manufacture of 
this article, is the production of muriate of lime by decompo- 
Bition, instead of the chloride of lime. To understand the 
nature of this decomposition, it must be remembered that 
chlorine is a simple body, and that lime is a compound of 
calcium and oxygen ; but that dry muriate of lime is a com- 
|M>iuid of calcium and muriatic acid. Its chemical name, 
Iberefore, is chloride of calcium. Muriatic acid gas is com- 
fMMOd of chlorine of hydrogen. Muriate of lime therefore, 
eontains no oxygen, but chloride of l|me contains 8 parts of 
oxygen to 20 of lime, since the composition of lime before 
its combination with the chlorine was 20 parts calcium and 
6 oxygen. 

Now when chloride of lime, or bleaching powder is ex- 
posed to the. temperature of about 600°, the oxygen which 
the lime or base contains, is expelled, and consequently chlo- 
ride of calcium, or muriate of lime is formed, which pes- 
Besses little or no bleaching properties. The only mode of 
aroiding this decomposition, appears to consist in admitting 
the gas slowly, so that the combination may take place with- 

<uit too much heat. 

■ ■ - ^■^^— — ^__— • 

In what manner is the lime stirred, in order to bMten its absorption 
cf the cUorine f What proportion does the bleaching powder formed 
bear to the quantity of salt employed ? What is said to be the princi- 
pal difficulty in the manufacture of bleaching powder f Whi^t is the 
difibrence in composition between muriate of lime and chloride of lime f 
•Sxplaia the cbemioal chiMiges which take place when chloride of lime 
is decomposed by heat, and converted into muriate of lime. 
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This salt is also' subject to decomposition from other 
causes^ When mixed with water and exposed to the action 
of the atmosphere, carbonic acid unites with the lime, while 
the chlorine is expelled, and thus a carbonate instead of a 
chloride remains. The same effect is produced by keeping 
this salt for any considerable time, in wooden casks. 

As the goodness of bleaching powder depends' entirely 
on the quantity of chlorine it contains, it is a matter of 
great consequence to the purchaser to ascertain its qual- ' 
ity in this respect, by actual experiment. According to the 
experiments of Dr. Ure, lime under a slight pressure, is capa« 
ble of condensibg nearly its own weight of chlorine ; but 
according to the same author, the bleaching powder of com- 
Tuerce always contains a considerable proportion of the mu- 
riate of lime, while the chloride itself often does not contain . 
more than one half or one third the quantity of chlorine 
which the lime is capable of absorbing. Hence the con- 
sumers of this article are often cheated out of one half or 
two thirds of the price they pay for it, besides the delay and 
vexation, incident upon the failure of the process in which it 
is used. The manufactures of paper and cotton goods are 
often sensible of this fact, by experience. 

It appears, on experiment, that when bleaching powder is 
kept for a considerable time, even in properly secured ves- 
sels, such as glass bottles well corked, that it stili slowly 
undergoes the same change, which is immediately effected by 
heat, as described above. This seems to be in consequence 
of the superior affinity of chlorine foic the calcium, or the 
metallic basis of the lime, by which the. oxygen is slowly 
■disengaged, and a chloride of calcium, or muriate of lime is 
formed, and thus the bleaching poWer is in process of time 
entirely destroyed. 

> The principal expense of manufacturing chloride of lime^ 
being that of the chlorine itself, and there being no method 
of ascertaining its quantity, except by experiment, the por- 
•chaser generally has to depend chiefly on the honesty of the 
manufacturer, for the goodness of the article, even when re« 

I • I ■ ■ m il -11 ■ ... » » iim 

In what manner is chloride of lime decomposed, when it ii exposed to 
the atmosphere ? On what does the bleaching property of the chloride 
depend f What quantity of chlorine is lime capable of absorbing? 
Accordmg to Dr. Ure, what does the bleaching powder of conuneroe 
contain besides the chloride of lime ? What kind of decompositiim 
does bleaching powder slowly undergo, when ceofined in close ves- 
selsf 
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leently made. But as there are several causes of decompo- 
Bitioo, even when it is honestly and carefully made, the buyer 
is' stiii liable to be deceived unless he makes his experiment 
before the purchase. 

Under such circumstances, the English chemists have de. 
.vised several simple methods of testing the quality of bleach- 
ing powder, in order that the buyer ipight judge of its good- 
ness without actual trial at home. 

One of these methods is to oppose thje salt to a sufficient 
-degree of heat to expel the oxygen from the lime, and by 
measuring its quantity to judge of the quantity of the chlo- 
ride of lime. The quantity of oxygen thus expelled indicates 
tiie quality of the bleaching powder, so far only as regards 
the quantity of muriate of lime with which it is mixed ; fot 
as above stated, the base of the chloride contains oxygen, 
while the muriate contains none. But in addition to the im- 
perfection of this method in not indicating the actual quan- 
tity of chlorine present, there is much difficulty in ascertain- 
ing the quantity of oxygen by it, since various proportions of 
x^hlorine might also be disengaged by the heat along with 
. the oxygen. This method cannot therefore be readily or 
generally employed. 

: It has also been proposed to analyze the powder by nitrate 
of silver. But this test only indicates the quantity of muriate 
of lime by forming with the muriatic acid an insoluble muri- 
ate of silver. This test is therefore useless. 

. Several other methods have been tried, and among them, 
that of destroying the colour of a certain quantity of indigo 
has been most employed. 

A. known quantity of indigo being in solution, a certain 
number of grains of the powder is added, and the strength of 
the latter ascertained by the amount of colouring matter 
destroyed, or by the number of grains required to discharge 
•entirely, the colour of a certain quantity of indigo. 

This method has the advantage of simplicity, but is defec- 
tive in other respects, and particularly so iu regard to the 
. difference in the quantity of colouring matter in different 
kinds or specimens of indigo. 

On what principle has it been proposed to ascertain the goodneM of 
bleaching powder by the quantity of oxygen it contains f How is the 
goodness of bleaching powder tested by means of a solution of indigo? 
What is the defect in this method ? 
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The no9t a^urate method is to doeompose the ehlmide 
4of lif&e cobfin^ in » gUss tube, oVer mercury by meaae of 
muiriatic acid. The chloride by this ineaiiSy would only hm 
decomposed and converted into the muriate of lime, while 
the muriate already formed, would remain as before. By 
this process the chlorine of the chloride is set free» nmnizedy 
and its quantity readily measured by the tube in which the 
experiment is made. 

There being no standard ^f the quantity of chloritte which 
the best bleaching powder ought to contain, it is by the eom» 
parison of different specimens only, that the purchaser can 
be guided. 

Sesides the consumption of chloride of lime for bleadiiag 
purposes, considerable quantities are used as a dm»ftdmg 
agent. 

Experiments have long since shown, that chlorine has the 
power of combining with, or in some other manner, neutral- 
izing, or destroying the fetid exhalations arising from putii* 
fying substances, and of preventing their deleterious effects. 
In cases of infectious disease, therefore, it is highly usefiiL 
For this purpose a . table spoonful or two of the powder is 
mixed with a pint of water, and placed in the sick room, and 
in the rooms adjoining. The fetid effluvia from putrid 
water, from sink drains, or from any other source, is unne^ 
diately deatroyedby the application of a quantity of the chla» 
ride. 

Phosphuret of Lime. This compound is formed by pass- 
ing the vapor of phosphorus over fragments of quicklimes 
at a red heat. The experiment may be performed in the 
fbllowing maimer. 

Having procured a tube of green glass about a foot and a 
half long, and half an inch in diameter, stop one end with a 
cork, or otherwise, and place in it a drachm of phosphorus, 
letting it occupy the closed end. Then holding the tube in 
a horizontal position, push into it with a wire, or rod, pieces 
of fresh burned quicklime about the size of peas, until they 
fill the middle part of the tube, taking care that the lime does 
not reach the phosphorus by two inches. Then stop the 

What is said to be the mofitaoeurate method of ucertainini^ the qaanti^ 
of cUorine in bleaehiiig poo^der P Is theroaliy etaadard of the eirangluh 
of bleaohing powder^ What is said of the disinfecting power of 
chlorine ? What is phosphuiet of time? Desoribe the procoM of 
making the phosphuret of lime. , 
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moath of the tube looself to preTent the free tictena of the 
air, but leayiog room kit th«t fin the tube to paaie out m it 
extmnde. 

Moxt heat that part of the tube containing the lime, red 
hot by means of a chafing dish of eoals, at the same time 
keeping the phosphorus cool by a wet rag passed round the 
end of the tube. When the lime is seen to be at a red heat, 
bring a hot iron or lamp under the phosphorus, which will 
soon be turned hito rapqr, and ijassing over the lime the two 
sobstcmees combine, and form the phoiqihtiret of Ihne. 

When phosphuret of lime is thrown into water, mutual 
decomposition ensues, and there rises bubbles of phosphu* 
retted hydrogen through the fluid, which take fire on reach- 
ing the air. The phoaphoruir abisorbs the oxygen from the 
water, thus liberating the hydrogen, which combines with 
a poition of phosphorus, forming the gas above named. 

Order 2. — ^Metals which are supposed to be analgoua to 
order 1st, but whose properties are but little known. These 
are 

Magnesium Ittrium Zixcooium 

Glucinum Aluminum 

Magnesia, Oludna, It^a, Alumina, and Zirconia, before 
the galvanic experiments of Sir H. Davy, have been known 
under the general name of eardu, and were considered pure 
elementary substances. When these earths are submitted 
to the action of a powerful galvanic battery, they all ^ve 
more or less evidence that their bases are metals combmed 
with oxygen. Magnesia, for instance when exposed for a 
long time to the action of a powerful battery, in contact with 
mercury, appears to be decomposed ; for the mercury be- 
comes enlarged in bulk, and losing its fluidity, shows signs 
of having formed an amalgam with the metallic ba^ of the 
magnesia. When this amalgam is heated in a close vessel 
out of contact with the air, the mercuiy is driven off, and 
there remains a dark grey film of a metallic appearance, 
which when exposed to the action of oxygen, is converted 

When phoBphnret of Ums it thrown into water, what are the ehemi- 
csl dianges produced ? Whatie the de&utlettof order 2d? What 
are the namee of the mtbttaaeeebdeiwiiif to evder Sd. f Under what 
^Mfliei were these aabetaaoee kUMrn befoastiieeKperimentflof Sir H. 
%>avy f Were they ibnnerW eomtdited wmpenaA^ or elemeatarv 
lH»dies? Wh«tis1her6si6atosappcaiBfthaiHagMiiahasametitK 
lie base? 



into a white fominr^ haYimg the properties of magneaia. It. 
is therefore concluded, that magDesia has a metallic base, 
though the metal itself has never been separated in such 
quantities as to allow any further examination of its proper- 
ties than those above stated. 

. When the earth alumina, which is the base of alum, is 
4>n>ught into contact with the vapor of potassium at a white 
heat, and in a close vessel, the potassium is converted into 
potash. Now as potassium is converted into potash only by 
the absorption of oxygen,, and as the oxygen could have been 
derived from no other source except the alumina, such an ex- 
periment shows^that alumina contains oxygen, and therefore 
by anology, there is. reason to suppose that alumma is com<i^ 
posed of the metal aluminum and oxygen. 

The other earths' above named, when submitted to similar 
experiments, have each shown that they contained oxygen f 
and as potash, soda, and lime, ai^e known to be metallic ox- 
ides, that is, to consist of a metal combined with oxygen, it is 
inferred that the earths, possessing similar properties, are also 
composed of a metal united to oxygen. It is therefore agreed 
among writers on chemistry, that the basis of those earths 
should be arranged as metals, under the name abore specifi- 
ed ; though their existence, with perhaps the exception of 
magnesium, has never been directly proved. 

in consequence of the discovery, or the inference, that the 
earths possess metallic basis, their names^ in conformity with 
the language of chemistry, are changed from words denoting 
simple bodies, to such as denote compounds. Thus the earth 
formerly called magnesia^ is now known under the name of 
oaideofmagnesiumj and the simple term alumina^ is changed 
to oxiaeofaluminumy the same language being adopted with 
respect to all the other earths above named. 

Properties of the Earths. 

Magnesia^ or Oxide Magnesium. Pure magnesia is well 

known as a medicine under the name of calcined magnena. 

This is obtained by exposing the carbonate of magnesia to a 

ired heat. It is white, tasteless, and inodorous, but possesses 

What is the reason for iappo8iQ|r that aUunioa has a metallic base ? 
On what groimds is it believed thai the other earths belonginff 19 ths 
order have metallio bases i What are the scientific names of msfno- 
•ia and alumina, sni^poeing them to be the oxides of met^da ? How is 
pore magnesia obtained i What effect does mf^esia havo on v^gota* 
Lies colours f 
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slight alkaline properties, being capable of changing the blue 
colours of vegetables to green, and of neutralizing the acids, 
with which it forms various saline compounds. One of these, 
the sulphate of magnesia, or Epsom salt, is a well known med- 
icine. 

Magnesia, in a few instances has been found in the native 
state, but always in small quantities only. That sold by- 
apothecaries is obtained from certain springs, as that of Ep- 
som, where it exists in combination with sulphuric acid, form- 
ing Epsom salt, which is dissolved in the water. 

Calcined, or pure magnesia, if exposed to the air, absorbs 
carbonic acid, and is converted into a carbonate. Hence a 
large proportion of that used in medicine, and sold for calci- 
ned, is in truth the carbonate, the change being effected by 
carelessness, in expbsing the calcined to the air. This ac- 
Counts for the uncertainty of the eflfects of magnesia as a 
medicine, the carbonate being nearly inert. 

Alundna, or Oodde of Aluminum. The earth alumina is one 
of the most abundant productions of nature, every description 
of clay, 'being an aluminous earth, of a greater or less de- 
gree of purity. The clay of which bricks, pipes, and eaflh- 
ern ware, are made Consists chiefly of this earth. The ru- 
by and the sapphire, two of the hardest, and most beautiful 
of gems, are also composed of alumine. Pure alumina for 
experiment, is most easily obtained from alum, which is a 
sulphate of alumina and potassa. To obtain the earth, dis- 
solve one part of alum, in six parts of boiling water, and 
when the solution is cold, add one part of carbonate of pot- 
ash. By this process the sulphate of alumina is decomposed, 
in consequence of the strong affinity existing between the 
potash and sulphuric acid, and two new salts are formed, viz. 
sulphate of potash and carbonate of alumina, the latter be- 
ing precipitated to the bottom of the vessel. This priecipitate 
being washed, and then exposed to a red heat, to expel the 
carbonic acid, is pure alumina. 

The substance thus procured is white, inodorous, soft to 

■ ^ ■ I I ■ ■■ ii ■ I ■■■ I »■ ■■ I I ■ 

What is the most common salt of which magnesia is the base ? How is 
pure magnesia converted into a carbonate ^ How is the uncertainty of 
magnesia as a medicine accounted for f What is the earth of which 
clay is chiefly composed ? What common articles and what precioos 
ttones are composed of alumina ? How may pure alumina be obtain- 
ed f What chemical changes' take place when alum in solution, is 
inlxed with corbonate of potash ? What is the appearance of pure 
alumina? 

^ 21 
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the touch, and tasteless. Mixed with water, it forms a inas9 
which is exceedingly plastic, and may be worked into all 
shapes. The tenacity of every kind of clay is owing to the 
alumina it contains. * , ' 

Alumina being insoluble in water, does.efTect the colours 
of vegetables. It however performs the pkrt of an alkali in 
neutralizing the acids and forming with them saline com* 
pounds. 

Glucina, or Oacide of Gludnum, The earth called glucina 
has been discovered only in small quantities, being known to 
exist only in the minerals, emerald, beryl, and euclase. Its 
name comes from a Greek work signifying sweet, because 
some of its combinations are sweet to the taste. In son^e of 
its properties it resembles alumina, and in others it differs 
from all the other earths. One of its distinctive properties 
if that above mentioned, of forming a compound when dis* 
solved in sulphuric acid, which is sweet to the taste. 

Ittria, or Oxide oflttrium. Ittria resembles alumina and 
glucina in its chemical properties, but differs from them both, 
in being insoluble in a solution of pure potash. This- earth 
has been found only in a single rare mineral, in Sweden. It 
forms peculiar salts, when combined with the acids^ and is 
thus known to differ from all the other earths. 

Zirconia, or Oxide of Zirconium, This earth is also exceed- 
ingly rare, having been detected only in the zircon, a pre- 
cious stone found i^ Ceylon, and the hyacinth of France. 
It rosembles alumina and the other earths in being a white 
soil powder. Its salts are distinguished by being precipita- 
ted from their solutions by all the pure alkalies. 

Zirconium, the base of this earth was separated from its 
oxygen, by the Swedish chemist, Berzelius, in 1824. It was 
in the form of a black powder, which took fire in the open 
air at a temperature far below a red heat, and burned with a 
bright flame. The product of the combustion was zirconia- 
But whether this base is of a metallic nature, has not 
been decided. It is wanting in one property common to all 
metals, being a hon-conductor of electricity. 

Silica, or Oxide of SUicium. Sir H. Davy's experiments 

In what minerals does the oxide of glucina exist ? What is ib» 
meaning of the word glucina and why is this earth so named ? How 
does ittria differ from alumina and glucina f In what minerals has Uie 
earth xbconia been found ? How are the salts of zirconia distinguished ? 
What is si^id of the metallic base of zirconia ? What is said of the 
metallic bAse of silica ? . 
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on silica led him to suppose, that in common with the earths 
tibove described it had a metallic base, and it was arranged 
with them, in conformity to this opinion. But more recently, 
Berzelius has succeeded in decomposing this earth, and has 
given an account of the properties of its base. From this 
we learn that silicium is of a dark brown colour without the 
least trace of metallic lustre. That it is incombustible in the 
open air, or in oxygen gas, and that it may even be exposed 
to the flame of the blowpipe without fusion, and without suf- 
fering the least change. It is not dissolved by any of the 
a<^ds, except a mixture of the nitric and fluoric, with which 
it readily enters into solution. It is not a conductor of elec- 
tricity. These properties, and particularly its want of metal- 
lic lustre, and of power to conduct electricity, proves that the 
base of silica is not of a metallic nature. 

Silica, or silex, is a very abundant, natural product. It 
forms a large part of all granitic, or primitive rocks, and 
mountains, and is the chief ingredient in sand stones, and 
earthy formations. Rock crystal, or quartz, flint, chalcedony, 
agate, carnelian, and all other substances of this kind are 
composed almost entirely of silex. 

Silica may be obtained in sufficient purity for most purpo- 
ses by heating transparent rock crystal to redness, and plung. 
ing it into water while hot, and then reducing it to powtl^r. 

In this state, silex is a white powder, which feels harsh 
when rubbed between the fingers, and has neither taste nor 
smell. It is exceedingly infusible, but may be melted with 
the compound blowpipe. It resists the action of all the acids, 
except the fluoric, which dissolves it with considerable facili- 
ty. It is dissolved by the fixed alkalies, and hence it would 
appear that its properties are rather of an acid, than of an 
alkaline nature. On this account several chemists have call- 
ed siHca an acid, and the compounds which it forms with 
the alkalies, have been termed silicates. 

From what has been said, the student will infer that there 
is yet considerable doubt, and uncertainty in respect to the 
real nature of silica. 

Dr. Thompson, being convinced of its non-metallic nature, 
fxxTaxrrrtsBti With the Simple bodicar carbon, and boron. There 
is no doubt, however, from the experiments of Davy and Bor- 
is the base of silica of a metallic nature ? What substances are 
mentioned of which silicia forms the principaf part P How may 
pure silica be obtained f What are the properties of silica f What 
la said of the compound nature of silica ? 
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zelius, of its compound nature, and that it consists of a base 
combined with oxygen, has been proved by direct experi- 
ment. But that its base is not a metal is proved from its want 
of lustre, and po^^er, to conduct the electric fluid, these two 
properties being essential to sill metallic bodies. 

Silex, in the form of sand, is a principal article in the man- 
ufacture of glass. The common dark coloured, or green 
glass, is composed of impure sand which contains oxide of 
iron, melted with kelp, wood ashes, or impure potashes. 
Crown glass, for windows, is composed of white sand, fused 
with a purer alkali. Plate glass, for looking glasses, is made 
of still purer materials ; and what is known by the name of 
flint glass, of which decanters and other ornamental, or cut 
glass ware is made, is composed of the purest sand and alka- 
li, with the addition of a considerable portion of lead, which 
is added in the form of litharge, or red lead. This is the 
softest, and heaviest kind of glass. It cuts more easily, and 
withstands the changes of temperature much better than glass 
containing no lead. 

Order Sd. — Metals which decompose water at a red heat. 
These are 

Manganese, Iron, and 

Zinc, Tin, Cadmium. 

The power of a metal to decompose water, depends on its 
afiinity for oxygen. In some instances, as in those of pot- 
assium, and sodium, already given, the metals have so strong 
an affinity for oxygen, as to absorb it from water, at common 
temperatures. Other metals do not decompose this fluid at 
any temperature, such being the 4th order of the present class* 
Those now to be examined, have an affinity for oxygen, 
which they slowly absorb from the atmosphere, and a part of 
which they retain at high degrees of heat. But their attrac- 
tion for oxygen is not in sufficient force to decompose water, 
except when heated to redness, when the combination is ef- 
fected with considerable rapidity. 



What use is made of silex in the ai^s ? Explain the difference be- 
tween green glass, crown gl«mi, and plate glass? Wbat is th« enrnpo. 
sition of cut glass ? What is the definition of order 3d ? What me- 
tals belong to order 3d ? On what property of a metal doee ita power 
to decompose water depend f 
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MANOA19ESE — 28. 

This metal always occurs in nature in combination with 
oxygen, and which it holds with such force as to require the 
most intense heat for its decomposition. The metal may, 
however, be obtained in a pure state, by exposing the black, 
or peroxide, mixed with a combustible, to the highest heat of 
a smith's forge. The combustible, which may be pitch, or 
powdered charcoal, with which the oxide is mixed, is thus 
made to absorb the oxygen, and the metal is found at the 
bottom of the crucible. 

Manganese is of a dusky white colour, with a specific gra- 
vity of S. When exposed to the air, it absorbs oxygen, and 
soon falls into powder, which afterwards changes its colour 
from grey to brown, and from brown to black, according to 
its grade of oxidation. When this metal is exposed to a red 
heat, and the steam of water is passed over it, decomposition 
takes place, the oxygen of the water combines with the man- 
ganese, and the hydrogen is disengaged. 

HANGANESE AND OXYGEN. 

Peroxide of Mangansse — 44. 

1 p. Manganese 28+2 p. Oxygen 16. . 

Black Oxide of Manganese. 

This compound occurs abundantly in nature, and is known 
under the name of black oxide of manganese. It is found in 
amorphous masses, of a dark grey or nearly black colour, 
and is commonly mixed with various proportions of sand, ox- 
ide of iron, carbonate of lime, or other impurities. In its 
pure state, it occurs in the form of prismatic crystals of a dark 
colour, and slightly metallic lustre. 

Id this state the metal coptains its full proportion of oxygen, 
and undergoes no change on exposure to the air, or to a 
moderate heat. When heated to redness, it parts with one 
proportion of oxygen, and is converted into a deutoxide. In 
this manner oxygen gas may be obtained. The peroxide of 
manganese is of considerable consequence in the arts, and 

In what state does manganese occur in nature ? By what process 
may metallic manganese be obtained from the oxide ? What is the 
appearance and specific gravity of manganese f Under what circum- 
stances does manganese decompose water? What is the scientific 
name for black oxide of manganese ? When peroxide of manganese is 
heated to redness, what chemical change does it undergo ? Of what 
use i0 peroxide of manganese in the arts ? 

31* 
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particularly in yielding oxygen to form chlorine for the mana« 
facture of bleaching powders, and also in furnishing oxygen 
gas for chemical uses. The methods for obtaining these 
gases have already been described. 

The peroxide of manganese is composed of 

1 proportion of manganese, 28 

2 proportions of oxygen, 16 

44 

There are two other oxides of manganese, viz.- the protoX" 
idCf and the deutoxide. There is also reason to believe that 
manganese is capable of combining with such proportions of 
oxygen as to form acids, but the subject has not been suffi- 
ciei^tly investigated to determine the composition or nature of 
these compounds. 

Manganese combines with the acids, and forms a varieUr 
of salts, which are either colourless, or of a reddish, or pink 
hue. These salts are found only in the laboratory of the 
chemist, and are of no use in the arts. 

IKON — ^28. 

This well known metal has a grey colour, and a strong 
metallic lustre, which is much improved by burnishing. Iron 
is at once the most useful, the most abundant, and the most 
universally diffused of all the metals. It is found in the 
mineral, the vegetable, and the animal kingdoms, and in 
some countries exists in such quantities as to form mountains 
of considerable size. 

When heated, it becomes soft and malleable, and in this 
state two pieces may be incorporated, or welded together, by 
hammering. Its specific gravity is about 8. It is attracted 
by the magnet, and may itself be made permanently magnetic. 
This property is of vast consequence to the world, being pos- 
sessed by no other metals except nickel, and cobalt, and by 
these in a much inferior degree. 

Iron has a strong af&nity for oxygen, and wh6n expocied to 
air and moisture soon rusts or oxidates on its surface. In a 
perfectly dry atmosphere, however, it undergoes little or no 
change, a proof that it absorbs oxygen with more facility 

What is the composition of the peroxide of manganese ? What is 
•aid of the acids of manganese ? W hat is the combining number lor 
iron ? What is said of the abundance and usefulness of iron ? What 
is said of the affinity of iron for oxygen? 



1VSTAL9. 24S 

Krooi water than from the air. When heated, it attracts oxy- 
gen both from air and water, with great rapidity. When 
the steam of water is passed over iron at a red heat, the wa« 
ter is' decomposed, its oxygen combining with the metal, 
while the hydrogen is set at liberty. When heated to red- 
ness in oxygen gas, iron bums with the most intense briUian. 
cy« Iron is exceedihgty ductile, and may be drawn into 
wire not exceeding the thousandth part of an inch in diamc. 
er ; but it cannot, like gold and silver, be hammered into tj^in 
leaves, and therefore is not highly malleable. 

The ores of this metal are very numerous, and some of 
them highly beautiful' and interesting. They are chiefly sul- 
phurets and oxides, but the oxides are the -only ores from 
which the metal is obtained. 

Iron has, in a few instances, been found in its native state, 
mixed with lead and copper, or with some earthy substance. 
It has also been found in large masses, alloyed with five or 
six other metals, and called meteoric iron, from an opinion that 
these masses fell from 'the clouds. Native iion is soft, and 
malleable, as it occurs, and does not differ from that which 
ha^ been reduced from its ores,, and purified. 

Cast iron contains variable proportions of carbon and oxy. 
gen, and in this state it is hard and brittle. These impurities 
Are detached by the process of refining, and then the iron 
becomes sofl and malleable. 

Steel is made by heating pure iron with carbon, or charcoal, 
by which it is rendered exceedingly hard and brittle. This 
change is produced in consequence of the absorption of a por- 
tion of carbon by the iron. Steel, therefore, is composed of 
iron and carbon, or diamond, and its scientific name is carhU' 
ret ofiron* 

IRON AND OXYGEN. 

Oxides of Iron. 

Riut of Iran. 

Iron combines with oxygen in two proportions, forming the 
blue and red oxides of this metal. 

■ I • M ■ ■ ■ I ■ ■ I — ■ ■!■ . ■ 

Under what circumstanceB does iron decompose water ? In what 
does this decomposition consist ^ What is said of the ductility and 
malleability of iron f In what states does iron occur as a natural pro- 
duct ? What is the ore from which iron is extracted? What is me- 
teoric iron ? What are the impurities contained in cast iron > How is 
steel made ? What is the composition of steel ? What is the scien- 
tific name of steel ? 
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Protoxide of Iron, — The blue, or protpxide of this metal, 
is formed by passing dry hydrogen over the red oxide, at a 
temperature a little below redness. This oxide is composed 
of 1 equivalent of iron 28, and 1 equivalent of oxygen, 8. Its 
combining number, therefore, is 36. 

^ The Black Oxide of Iron which occurs in the form of scales, 
when iron is heated and hammered in the open air, is not a 
definite compound, but a mixture of the blue and red oxides. 

Peroxide of Iron, This is the red oxide, and is known to 
mineralogists as a native compound, under the name of red 
hematite. The same article is known to button-makers and 
other artists under the name of blood-stone, and is employed 
to polish their work. The peroxide may be prepared by art, 
by dissolving iron in nitric acid, then precipitating it with 
ammonia, and heating the precipitate to a little below red. 
ness, to drive off the acid. Its colour, and other properties, 
are like those of the native red oxide. The peroxide of iron 
is composed of iron 28, and oxygen 12. 

The Brown Oxide of Iron is composed of precisely the 
same proportions of the metal and oxygen as tbe red oxide, 
but in addition to these ingredients, it contains one proportion, 
or 9 parts of water. 

The other oxides of iron are either mixtures of the red and 
blue oxides, or one or both of these oxides containing various 
impurities. The great number of oxides of this metal, de- 
scribed in books of mineralogy, and differing from each other 
in colour, hardness, and form, arise from such mixtures. 
Thus the magnetic oxide of iron, or native magnet, is com- 
posed of peroxide of iron 71, and protoxide 29 to the 100. 
The brown oxides of iron all contain water, and are therefore 
called hydraies. The ochres are of this kind. 

Iron combines with carbon, sulphur, iodine, phosphorus, 
and the different acids. Its compounds are therefore exceed, 
ingly various, in respect to form, colour, and properties. We 
shall, however, examine only two or three of these com- 
pounds here, the salts being reserved for another place. 

Carburet of Iron, — Steel, we have already said, is a car- 
buret of iron. This important metal is manufactured from 



In -^low many proportions does oxygen combine with iron ? What 
are the names of these oxides ? What is the composition of the prot- 
oxide f What is the composition of the peroxide of iron ? How does 
the brown, differ from the red oxide of iron f What is the composition 
of the native magnet r What substances are mentioned with which 
iron combines ? 
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the iron, by exposing the latter to a long continued red heat, 
in contact with charcoal. For this purpose, the purest mal- 
leable iron, in bars, is employed, and is found to gain in 
weight, one pound in 150 by the process. Steel, therefore, 
consists of iron combined with a 150th part of its weight of 
carbon, or diamond, which it absorbs from the fire. When 
iron is perfectly enclosed, and heated with a fragment of dia- 
mond, it is> converted into steel, in the same manner as when 
heated with charcoal. This experiment shows the identity of 
carbon and diamond, the only difference being the colour and 
crystalline form of the latter. It also proves that the hard- 
ness of steel is owing to the particles of diamond which it 
contains. 

The native carburet of iron, commonly known under the 
name of hUick lead, or plumbago, contains 95 parts of carbon 
and 5 of iron. This substance is infusible at the highest heat ' 
of a furnace, and hence is employed in making crucibles and 
melting pots. It is also used in making black lead pencils. 

Sulphuret of Iron, — This compound occurs as a natural 
product, and is known to mineralogists and others, under the 
name of iron pyrites. It is a yellow brittle substance, oflea 
crystallized in the form of cubes, or octohedrons, with their 
surfaces highly polished. These speciiHens are generally 
taken for gold, by those who are ignorant of such matters, 
and the places where they are found, are sometimes kept a 
profound secret for years, for fear the owner of the soil should 
claim a part of the wealth. Every mineralogist, on pronoun- 
cing such specimens of no value, has' occasionally witnessed 
the fallen countenance of the applicant, whose hopes and ex- 
pectations he had thus blasted. Sulphuret of iron may also 
be formed by touching a bar of iron, at a glowing red heat, 
with a roll of brimstone. The compound will fall down in 
drops. The natural and artificial sulphurets are composed 
of precisely the same definite proportions, viz. Iron 28, and 
Sulphur 16. 

In what proportion is the weight of iron increased by being converted 
into steel ? What is said of converting iron into steel hy means of the 
diamond ? VV hat does this experiment prove ? What is the composi« 
tion, and the proper name of black lead f What are the uses of black 
lead ? Is sulphuret of iron a natural, or artificial compound ? What 
is me »|^|»c«raaoo oi-tko aatxT« sulphuret of iron ? What precious me- 
tal is this compound sometimes taken f^s i How may sulphuret of 
iron be formed artificially ? What is the composition of sulphuret of 
iron? 
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ZINC — 84. 

Zinc, when pure, is of a bluish white colour, and of a stria- 
ted fracture, presenting the result of a confused crystallization. 
When rubbed with the fingers, it imparts to them a peculiar 
metallic taste and smell. When cold, this metal is not malle- 
able, but when heated to between 200^ and 300^, it becomes 
both malleable and ductile. If its temperature be raised to 
400°, it becomes so brittle as to be readily reduced to powder, 
in a mortar. 

Zinc melts at 680 degrees, and if this temperature be in- 
creased, it burns with a bluish flame in the open air. When 
melted with copper it forms the alloy, well known under the 
name of brass, * 

This metal never occurs in the native, or pure state, but 
is always found combined either with sulphur, carbonic acid, 
or oxygen. The sulphuret of this metal^ called zinc blende, 
and the carbonate, called calamine, are the ores from which 
zinc is obtained. The sulphuret being roasted, that is, sub- 
mitted to a low red heat in the open air, to drive off the sul- 
phur, and oxidize the metal, is then melted with charcoal, by 
which the oxygen is absorbed, and the metal reduced. The 
calamine is first roasted to drive off the carbonic acid, and is 
then distilled in i^on retorts, by which means the pure metal 
is obtained. This latter process is said to have been learned 
of the Chinese, and that a man was sent from Europe to Chi- 
na on purpose to obtain the secret. Pure zinc, when exposed 
to a white heat in a close vessel, will, in the same manner 
sublime, and again condense, unchanged. 

ZINC AND OXYGEN. 

Oxide of Zinc — 42. 

1 p. Zinc 34+1 p. Oxygen 8. 

Flowers of Zinc. 

When zinc is exposed to a red hekt in the open air it bums 
with a white flame, and at the same time an oxide of the 
metal is formed, which rising by the heat, falls aroi}nd the 



What is the colour of pure zinc ? .Under what circumstance is linc 
maUeable ? In what temperature does zinc melt ? What is the com- 
position of brass ? Is zinc ever found ip. t iii — >■■ ■ wtit u ^ - ^vuai af% 
the names of thc.oja»-o^-*"*^i «*uu OT what are they composed ? How 
UinicYeauced from its sulphuret ? How is calamine reduced ? How 
iM the oxide of zinc formed f 
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place of combustion in the form of white flakes. This sub. 
stance was formerly called jbwers of zinc^ and sometimes 
pkUosophieal wool. It is an oxide of the metal, and the only 
one known. When this oxide is collected and again submit- 
ted to the fire, it does not rise, as before, but melts into a clear 
glass. 

When the vapor of water is brought into contact with me- 
tallic zinc at a red heat, the water is decomposed, the zinc 
combining with its oxygen, and forming an oxide, in the same 
manner as is done in the open air. Both these* oxides are 
composed by weight of 

1 atom, or equivalent of zinc 34 

1 do, do. oxygen 8 

Combining number for oxide of zinc 42 

CADMIUM — 56. 

Cadmium is one of the new metals, having been discovered 
in certain ores of zinc, in 1817, This metal in color and 
lustre resembles tin, but is harder and more tenacious. It is 
both ductile and malleable to a considerable degree. Its 
specilSc gravity is nearly 8.5. It fuses at a temperature some 
what less than 500 degrees, and at a little higher degree it 
rises in vapor, and condenses in globules like mercury. 

When cadmium is heated in the open air, like many other 
metals, it absorbs oxygen, and is convertted into an oxide» 
It is readily dissolved by the nitric acid. When heated in 
contact with the vapor of water, the fluid is decomposed and 
an oxide of the metal is formed. 

Cadmiuin combines, so far as is known, with only one pro- 
portion of oxygen. This oxide is composed of 
Cadmium, 1 equivalent 56 
Oxygen, 1 do. 8 

64 
Cadmium, like the other metals, forms salts by combmation 
with the acids. But thes9 compounds are little known and 
of no value. 



What was this oxide formerly called ? How may zinc be made to 
decompose water ? What ie the composition of oxide of zinc, and what 
ita combining number f What is cadmium f What other metals does 
cadmium resemble? Is this a brittle or a malleable metal? Whal 
is the specific gravity of cadmium ? What is the composition of oz- 
ida of eadmium ? 
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TIN — 59. 

Tin must be examined in the state of grain, or block tin ; 
what is commonly called tin, being sheets of iron, merely 
covered with this meta!. 

Tin is procured from its native oxides, by heat and charcoal, 
on the* same principle that has already been described foi 
iron and several other metals. The ores of tin are only two, 
viz., an oxid^ and a sulphuret. This metal is not readily ox- 
idized by exposure to the atmosphere, though the briliancyof 
its surface is soon tarnished. It is highly malleable, but not 
equally ductile, its tenacity not being sufficient to allow its 
being drawn into fine wire. Its specific gravity is 8. WKen 
heated to whiteness, it takes fire in the open air, and bums 
with a white flame, being at the same time converted into 
an oxide. 

Tin is a highly useful metal, being employed for many val- 
uable purposes in the arts and conveniences of life. Thin 
sheets of iron, being dipped into melted tin, receive a coat of 
the metal, and are thus prevented from rusting. This is call, 
ed sheet tin, and is the article of which the common tin ware 
'is made. Tin foil, that is, tin rolled into thin sheets, is used 
for many purposes. Electrical jars are coated with it, and 
the backs, of looking-glasses are formed of an amalgam of 
tin foil, and mercury. Block tin forms a part of Brittania 
ware, of princes metdl, of pewter, speculum metal, &c. 

TIN AND OXYGEN. 

Tin combines with oxygen in two proportions : The first, 
or the protoxide is formed when the metal is kept for some 
time in fusion in the open air. At this temperature it absorbs 
oxygen from the atmosphere and is converted into a grey pow- 
der. This powder is the protoxide, and is composed of 

1 equivalent, or atom of tin 69 

1 do. do. of oxygen 8 



67 
This oxide is soluble in acids and in ammonia. The 

" ■■''' I ' !■ ■ < I I ... I W ■ I 

Of what metal is the sheet tin chiefly composed ? How is tin procur- 
ed from its oxide ? What are the only ores of tin f Is tin readily ox- 
idized by exposure to the air or not ? What is said of the malleabili- 
ty and "ductility of tin ? What is the speciflc gravity of tin ? Into 
what is this metal conyerted when burned in the open air ? How is 
sheet tin madef What are the principal uses ef tin f In how maty 
proportions does tin comhinewith oxygen ? How is the protoxide w 
tin formed f 
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mid, or peroxide of tin fa prepared by dissolvuig the tnetsl 
in nitric acid, slightly diluted with Water. It is a powder of 
a yellow cokntr, and fa composed of 

1 equiralent of tin 50 

3 do. of oxygen 16 

75 

This oxide, when melted with glass forms white enamel. 

Tin comhines with sulphur, chlorine, and the acids, form- 
ing a variety of compounds, some of which are occasionally 
used in the arts. 

Order 4.— Metals which do not decompose water at any 
temperature. These are 

' Arsenic Uranium Titanium 

Molybdenum Columbium Bismuth 

Chromium Nickel Copper 

Tungsten Cobalt Tellurium 

Antimony Cerium Lead. 

The last order includes all such metals, as attract oxygen 
widi sufficient force, when heated to redness, to decompose 
water. The present divfaion absorb and retain oxygen at 
high temperatures, but none of them attract that principle, 
even at the highest temperatures with sufficient force to de- 
compose water. 

Of 

There are no mines worked merely for the purpose of ob- 
taining arsenic, the oxide of this metal, the only form in 
which it is used, being procured by the. process of roasting 
the ores of cobalt* The ores of the latter metal, being heat- 
ed in furnaces with long chimnies, the oxide of arsenic rises 
and attaches itself to the sides of the chimney, in layers, or 
cakes. After a considerable quantity has accumulated in 
this manner, it is scraped off, and purified by a second sub- 

** What is the composition of the protoxide of tin ? How is the per- 
oxide of this metal prepared ? What is the quantity of ozygetf con- 
tained in the peroxide of tin ? What is tibe definition of order 4tfa ? 
What are the names of the metals anang«d wider the 4th order? Are 
any mines worked merely to obtain aneaiof fiow it the oxide «f 
araenic {Nrocnred ? 

22 
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limation, when it forms the well known poison^ called to&te 
arseniCf or oxide of arsenic. 

From the white oxide, the metallic arsenic is procured by 
heating it with a combustible. 

In legal investigations where there is a suspicion of pois^ 
oning with arsenic, it sometimes happens that justice will de- 
pend on the decision of the chemist, whether arsenic might 
not have been the cause of death. In such cases, very mi- 
nute portions of arsenic may be detected by means of a com- 
bustible and a glass tube in the following manner. » Let 
the matter suspected to contain the poison, be well dried at 
a low heat ; then mix it with five or six times its weight of 
powdered charcoal, and put the mixture into a thin glass 
tube dosed at one end. If now heat be gradually applied 
|o the tube until it becomes red, the metal, if arsenic be pre- 
'sent, will rise and coat its inside, showing a brilliant metallic 
lustre, similar to that of steel. If it is found, that on heating 
a small piece of this metal, it rises in white vapour and gives 
the smell of garlic, it is arsenic beyond doubt. 

The structure of arsenic is crystalline, and its specific 
gravity about 8. When heated to about 360° it sublii&eSy 
without fusion, its melting point being far above that at 
which it becomes volatile. If the metal is heated in the 
open air, it is converted into the white oxide, and again be- 
comes poisonous as before ; but while in the metallic form, 
arsenic has no action on the system, and therefore ia not a 
poison. 

ARSENIC AND OXYGEN. 

• ♦ 

Arskmoua Jictd—- 54* 

1 p. Arsenic 38+2 p. Oxygen 16. 

Wh\ke Anemc. Osside of Arsenic. 

We have stated above that when metallic arsenic is heat- 
ed in the open air, it is converted into a ' white substance, 
called oxide of arsenic. This is the arsenious acid of chem- 
ists. It differs from the oxides of metals in possessing acid 
properties. It is slightly soluble in water, reddens vegeta- 
ble blue colours, and combines with alkalies, forming salts. 

How may arsenic be reduced from its oxide to the metsUie atala? 
What is the appearance .of pure arsenic ? What is the specific gravity 
•f arsenic? Ii metallic arsenic a poison? How is arseaioua mU 
formed? 
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eftHed arsenUes. The arsenite of potash, usually called 
FouHer*i solution of arsenic, has been long employed in med« 
icine as a remedy for eruptive, and other diseases. 

▲BSENIC AND SULFHUB. 

Stdphurets of Arsenic, 

Sulphur combines with arsenic in two proportions, form- 
uig compounds which areJmown by the names of orpimeniy 
and recdger^ These compounds are both of them natural 
products, and may also be ibrmed by art. Realger is of a 
red, or scarlet colour, with a shining semi-metallic lustre, and 
is composed of 38 parts of metallic arsenic, and 16 parts, or 
one proportion of sulphur. 

Orpiment has a rich yellow colour, and a foliated struc* 
ture. Its lustre is shining, and somewhat metallic, and it is 
readily separated into layers, like mica. This is composed 
of 38 parts, or one atom of metallic arsenic, and 24 parts, or 
an atom and a hslf of sulphur. 

Orpiment is empbyed as a paint under the name olKing^s 
Yellow. 

CHBOKXITX — ^28. 

The metal, chromium, has been detected only in the two 
natiye compounds, ehronuOe of lead, and chromate of iron. 
In these two salts, the metal chrome, exists in combination 
with so much oxygen as to constitute an acid, which is united 
to the oxides of lead and iron, forming the compounds above 
^named. Arsenic, as shown above, forms an acid with oxy- 
gen in the same manner, and we shall see presently thai 
several other metals when combined with oxygen perform 
the office of acids. 

Chromium has been • procured only in very small quanti- 
ties, by exposing its acid mixed with charcoal, to the high- 
est temperature of a smith's forge. It is a brittle metal of 

What is tha common name of thig acid ? What is the form of ar* 
eenious acid ? What are the salts called which arsenious acid foims 
with the salifiable bases f What use is made of arsenite of potash ? 
In how manj proportions does sulphur combine with arsenic ? What 
is realger ? What is its composition ? How does orpiment differ 
firom realger ? What use is made of orpiment ? What is chromium ? 
In what natiye compound is chromium found f In what state does 
ehromium exist in these compounds f How has chromium been pro- 
cured ? 
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'a greyish white eolouri and very infbsible. Its specific 
gravity is 6. ' 

Chromium combiaes with oxygen in three propdftioDer 
forming the following cmnpounds. 

Chrome. — Ozygtn. 
Protoxide, composed of 28 and 8 
Deutoxide do. 28 do. 16 

^Chromio acid do* 28 do. 24 



The oxides of ^ chrome are of no importance in the arts, 
but the chromic acid forms coloured salts with the oxides of 
the metals, which are extensively employed in painting and 
colouring. 

The chromic acid may be obtained in a separate state, by 
boiling the native chromate of lead in powder, with twice 
its weight of carbonate of potash, and afterwards saturating 
the alkali with dilute sulphuric acid. The sulphate of potash 
thus formed, will subside, leaving the chronuc acid in solu- 
tion, which on evaporation, will yield crystals of chromic 
acid. 

These crystals are of a ruby red colour, and when dis- 
solved in water, possess all the properties of an acid. 

The useful compounds formed by combining chromic acid 
with salifiable bases, are prepared from chromate of potash 
ijtk solution. The latter sak is made by heating to redness 
the native chromate of irofk with an equal weight of nitrate 
of potash. By this process the chromate which was in the 
state of an oxide, is converted into chromic acid, hj the 
oxygen of the nitre, the acid at the same time combming 
with the potash of the nitre. The ignited mass is then dis* 
solved in water, neutralized by nitric acid, and the solution 
concentrated by evaporation, when the chromate of potash 
shoots into crystals, of a yellow colour. 

The chromate of lead, a beautiful paint at present largely 
employed under the name o{ chrome pdUnCy is made by mix- 
ing acetate, or sugar of lead, dissolved in a large qnanti^ 
of water, with solution of chromate of potash. A douMe. 
decomposition of Uiese two salts is thus efiected, and acetate 

What is the colour and what the properties of chromium ? In how 
many proportions does chromium combine with oxygen ? What are 
the names of these compounds ? Of what use is the chromic acid i 
How may pure chromic acid be obtained ? What is the colour and 
form of this acid P How is chromate of potash prepared ? How is the 
chromate of lead made from the chromate of potash f What is the 
colour and use of chromate of lead? 
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o£ potash and cfaromate of lead are formed. The acetate 
remains in solution, while the chromate being insoluble in 
water, falls down in form of an orange coloured, or yellow 
powder. This powder being separated from the liquid, and 
dried, forms the beautiful pigment in question. * 

HOLTBDBmrM— 48; 

The native sulphuret of molybdenum is a ponderous min. 
era], which occurs in masses, or is disseminated in other 
minerals. Its structure is foliated and its lustre like that of 
lead recently cut. When this compound is reduced to fine 
powder and digested in nitro-muriatic acid, the sulphur and 
metal are both acidified by the oxygen imparted to them by 
the nitro-muriatic acid. On heating the solution, the sulphu- 
ric acid thus formed is expelled, while the molybdic acid 
remains in the form of a heavy white powder. From this 
powder the metallic molybdenum may be obtained by ex- 
posing it, mixed with charcoal, to the strongest heat of a 
smith's forge* 

This metal has never been obtained, except in very small 
quantities, and in the form of brilliant white globules, contain- 
ed in a blackish mass. When heated in the open air, it is 
soon converted into molybdic add, 

Molybdic acid is in the form of a white powder, which has 
a sharp metallic taste, reddens vegetable blues, and forms 
s^Its with the alkalies, called m€tyb£ste8. 

This acid is composed of 1 proportion of molybdenum 48, 
and 3 proportions of oxygen 2^. 

TUNGSTEN — 96. 

* 

The tungstate of iron, is a brownish black mineral, which 
is found both massive and crystallized. Its specific gravity 
is upwards of 7, and when broken it presents a foliated struc- 
ture, and a lustre somewhat metallic. 

This mineral, by the miners is called wolfram^ and is com- 
posed of tungstic acid and oxide of iron, with a portion of 
the oxide of manganese. 

How is the native sulphuret of molybdennm described ? By what 
process is molybdic acid procured P How is the metal obtained firom 
thia acid ? What is the appearance of molybdenum ? What are the 
Baits called which moljbdic acid forms with the salifiable bases? 
What is the appearance of tungstate of iron ? How is tungstic acid 
jprvcured f 

22* 
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From thii^ miaend the tuog^tic add ma^f^be proeordd bjr 
the action of muriatic acid in tk« form of a yellow powd^* 

When tung^tic acid is mixed wkh charcoal and espoaed 
lo an intense beat, the metal is deprived of its oxygen by the 
charcoal, and appears in its piire form* 

Tungsten has a specific gravity of 17.4 being next to pla* 
tina and gold, the most dense body known. It is nearly 
equal to steel in hardness, and is one of the most infusible 
or the metals. When heated in the open air, it is reconvert- 
ed into tungstic acid. This acid is composed of 96 parts of 
tungsten and 24 parts of oxygen, consequently 96 is the 
atomic weight of this metal, and 120 the equivdent number 
' for tungstic acid. No use has been made of this metal, or 
«iy of its compounds. 

c&LVKBixm — 144. 

This metal was discovered by Mr. Hatchett of London, 
in a bjack mineral, which was sent to the British Museum by 
Gov. Winlhrop, of Connecticut. The mineral came firan 
New London, and is said to have been found near the resi* 
denee of the €k>vemor. 

Columbiuc^, like tungsten, exists in its natural state, com- 
bined with so mqch oxygen as to perform the part of an acid, 
and is found united to the oxides of iron, or manganese* 

This metal is. of an iron grey colour, and considerable 
metallic lustre. Its specific gravity is 5.5. 

Columbic acid is composed of columhium 144,. and oxygen 
8. Its equivalent number, threfore, is 152. 

ikmriMoifT — 44. 

The only ore from which the antimoqjr of conunerce is 
obtained, is the sulphuret. From this native compound the 
pure metal is separated, by heating it with half its weight of 
iron filings in a covered vessel. By this process the sulphur 
unites with the iron, while the fused antimony ie drawn off 
at the bottom of the vessel* 



What is the process for pfoouring tongiten from tungstic acid? 
What U the specific gravity of tuxigsten ? What are the properties of 
tungsten ' What is the composition of tungstic acid ? Whence came 
the mineral in which columbium was first discovered f In what state 
does columbium exist combined with iron? What is the specific 
gravity of columbium ? What is the ore firom which antimony is ob- 
tained ? In what manner is this metal obtained from its ore ? 
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Antimony is a brittle metal of a bluish white colour, and 
considerable lustre. Its structure is lamellated, or it consists 
of layers, which are the result of an imperfect crystalHzation. 
It fuses at about 800^, asd when slowly cooled, may be 
crystallized in octofaedroBs. By exposure to the air it tar- 
Dishes, though not so readily as aeteral other metab. Itn 
tfpeeiiiC gravity is about 6.8. 

/ ANTIllOirr AND OXTOEN. 

Oxygen combines with antimony in three proportions, 
forming the protoxide, composed of antimony 44, and oxygen 
8 — the deutoxide consisting of antimony 44, and oxygen 12, 
and the per-oxide, coipposed of antimony 44, and oxygen 
16. 

The deutoxide combines with alkalies, and forms salts ; it 
is therefore called antimonious add^ and the salts so formed 
are antimonites, 

^ The peroxide also performs the office of an acid, and 
combines with alkalies forming salts, called arUimoniateB^ 
tjie acid itself being the anHmonie. 

Formerly there were at least forty different preparations 
of antimony known, and used in medicine. At present this 
number is reduced to three or four, and of these, only one 
is in general use^ viz. the tartrate of antimony and potassat 
or tartar emetic. ' 

AKTIMONY AND SULPHUR. 

The native sulphuret of antimony, as stated above, is the 
only ore frcmi which the metal is extracted. This is gener- 
ally found in compact masses, though it sometimes occurs 
in long crystals, interlacing each other. It is of a leaden 
gray colour, with a metallic lustre. 

The same compound may be formed by fusing antimony 
and sulphur together, or by transmitung sulphuretted hydro- 
gen through a solution of tartar emetic. 

Sulphuret of antimony is compoa/ed of 

Antimony 1 proportion 44 
Sulphur 1 proportion 16 

What is the colour «nd what fte specific gravity of antunonj ? In 
how many proportions does oxygen combine with antimony ? W hat are 
the oxides called f What is the composition of sulphuret of antimony ? 
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UBAIVHJM — ^208. 

This metal was first detected ia aminejal found in Saxony, 
which from its black colour, was called pUchUende. This 
ore now called 6tocjb oxidfi ofuramum, contains uranium in 
the'state of an oxide, mixed with the oxides of iron and lead. 

The metal is reduced from its oxide to the metallic state, 
with great difficulty, eveti in the laboratory of the chenust. 
According to Klaproth, who discovered it, uranium is of a 
dark crev colour, with a metallic lustre, and granular texture. 
It is soluble in nitric acid, fuses only at the highest tempera- 
ture, and affords a deep orange colour to enamel. Its spc- 
cific gravity is about 8. 

Chemists are acquainted with two oxides of this metod. 
The protoxide is composed of uranium 308, and oxygen 8. 
The combining number of the protoxide is therefore 216. 

The peroxide consists of 1 proportion of uninium2U8, and 
2 proportions of oxygen 16 ; so that the equivalent number 

for the peroxide is 224. j . r j i 

The protoxide occurs as a natural product, of a dark erne, 
raid green colour, and shining lustre. It is often found at. 
techld to other minerals, in the form of scales, or m bundle 
of crystals, variously grouped, or interlacing each other, af- 
folding one of the most beautiful products of the mineral king, 
dom. This oxide is also formed by art, and is employed to 
ttive a black colour to porcelain, the change from green to 
black, being produced by the heat of the porcelam furnace. 

CEBIUU — 50. 

The chemists haye proved^that a metal called*ceriai» exists 
in a reddish brown mineral, found in Sweden, and called 
cerite, or sUiceouB oxide of cerium ; and also in a mineral 
found in West Greenland, and called AUanUe. 

The properties of this metal are. little known, it having 
never been obtained, except in minute quantities, not larger 

than a pin*s head. . ^ , _^v. 

It has however been ascertained that cenum combmes 
with oxygen in two proportions, and that its combining or 
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V9 hat is the ore of uranium called ? What is the appearance of am- 
aium ? What is its specific gravity ? How many oxides of this metal 
are known? What is said of the native protoxide of this metal? 
What use is made of this oxide ? What is said of the existence of tht 



metal cerium ? 
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equivalent number is dO* These oxides are composed of ee- 
rium 50, and oxygen 8, forming the protoxide, whose equiva* 
lent, therefore, is 56. The deutoxide contains the same 
quantity of meta], w^tfa one and a half proportioBS of oxygen. 
hm equivalent is dierefore Q2i 

COBALT. 

The ore from which this metal is extracted, is called arsenu 
ad cobalt. It is found in primitive rocks, both disseminated 
and in veins, associated with nickel, silver, bismuth, arsenic, 
and copper. 

When this ore of cobalt is heated in contact with the air, 
the arsenic is expelled in the form of arsenious acid, and the 
sulphur which this ore also contains is converted into sulphu* 
reous acid gas, and escapes. By this process, the ore com- 
monly loses more than half its weight, and there remains in 
the furnace, an impure oxide of cobalt, called zaffree. 

When zaffree is heated with sand and potash, there is form- 
ed a glass of & beautiful blue colour which when pulverized, 
IS extensively known, and used under the name of %maU. The 
blue colour of porcelain, and earthen ware is produced en. 
tirely by this oxide of cobalt. Paper and linen, also, receive 
their bluish tinge from this oxide. 

From the oxide of cobalt, or zaffiree, the metal may be ob* 
tained by, heating that substance in contact with some carbon- 
aceous matter. If it is intended to obtain the metal in its 
pure state, the zafiree must first b^ purified from the iron, or 
other metals which it may contain. 

Cobalt is a brittle metal of a reddish brown colour and 
slightly metallic lustre. It is fused with difiiculty. Its spe- 
cific gravity is 8.5. It is attracted by the magnet, and is ca- 
pable of being permanently magnetic. Muriatic, or sulphu* 
ric acid acts but slightly on this metal, but it is readily soluble 
in nitfic acid. 

Cobalt does not attract oxygen by exposure to the air, but 
by a long continued and irtrong heat, it is converted into an 
oxkte of a deep blue, or nearly black colour. The atomic 
weight of cobalt has not been determined. - 

" ■ ■■ ■' ■ M l ^ II, I I II I ■' IIWI ■■ ■ I ■■ 

What is Bttid of the pxides of oeiium f From what ore is the metal 
cobalt obtained i What is safiree ? What is smalt? Vl^hat is the use 
of oxide of cobalt ? How maj raetaUio cobalt be procured from the 
oxide ? What is the appearance of cobalt? What is the specif gra- 
vity of cobalt? What is said of the magnetic property of cdhilt? What 
acid is the proper solvent of cobalt ? 
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This metal is the base of that curious liquid, called spiu 
pathetic inky and which may be prepared' in the fdllowing 
manner. « 

Dissolve one part of cobalt, or zaffree, in four parts of 
nitric acid, and assist the solution by heat. To this solution 
add one part muriate of soda, and four times as much water 
as there wjeus acid. 

Characters written on paper with this ink, are illegible 
when the paper is cold, but become plain, and of a beautiful 
green colour when the paper is warmed. This experiment 
IS rendered still more pleasant by drawing the trunk and 
branches of a tree in the ordinary manner, and then tracing 
the leaves with the solution of cobalt. In winter, such a tree 
will appear without leaves, except when warmed, but in the 
summer, particularly if placed in the sun, it will be covered 
withl^eautiful green foliage. Screens painted with this solu- 
tion, will show their green, when in use, but will immediately 
begin to fade when carried away from the fire. 

lacKEL — 40. 

Nickel is generally found mineralized by the acids of arse- 
nic. The Saxon ores, among which this metal is found, are 
mixtures of lead, copper, iron, cobalt, and arsenic, combined 
with sulphur and oxygen. In- nearly every instance, where 
meteoric iron, or other meteoric products have been analyzed^ 
they have been fou|id to contain this metal. 

Nickel, being of no use in the arts, is never reduced to its 
metallic state, except in the laboratories of chemists, as speci- 
mens or curiosities. 

Nickel has a strong metallic lustre, and is nearly the colour 
of tin, and silver. It is both ductile and malleable, and like 
iron and cobalt, is attracted by the magnet, and may be made 
permanently magnetic. Its specific gravity, after being 
hammered, is 9. It is exceedingly infusible, and sofiers 
no change at common temperatilres, when exposed to the air ; 
but is slowly oxidized at a red heat. The muriatic and sul- 
phuric acids do not act on nickel, but it is readily oxidized, 
and dissolved in nitric acid. 

What is the method of preparing sympathetic ink ? What are the 
peculiar properties of this ink ? With what is nickel consbined, in the 
natural state ? What is said' of the existence of nickel m ineteorie 
products ? Is this metal of any use in the arts ? What is the appear- 
«ace of nickel ? What is said of its msgnetic property ? What is its 
specific gravity .' In what acid does nickel dissolve f 
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Nickel combines with two proportions of o:(}rgen. The 
protoxide is composed of nickel 40, and oxygen 8. The per- 
oxide of nickel 40, and oxygen 16. 

BISMUTH — 72. 

Bismuth occurs native, and in combination with sulphur, 
oxygen, and arsenic. That which is employed in the arts 
and in commerce, is derived chiefly from the native metal. 
Bismuth has a reddish white colour, a brilliant lustre, and a 
foliated structure. It fuses at 476^, being, with the exception 
of tin, the most fusible of the solid metals. When slowly, 
cooled, this metal may be obtained in octohedral crystals. Its 
specific gravity id 10. 

Bismuth enters into the composition of printing type ; and 
its oxides are employed as paints, and in medicine^ 

BtSMITTH AI9D OXYGEIT. 

Oxide of BismuthSO. 
1 p. Bismuth 724-1 p* Oxygen 8. 
FUnoers of Bitmuth. 

Bismuth combines with oxygen in only one proportion, 
forming a yellowish white oxide. This may readily be form* 
ed by submitting the metal to a strong hea^ in the open air. 
It takes fire and bums with a blue flame, while the oxide falls 
down in the form of powder. 

Bismuth is not readily soluble in the muriatic or sulphurie 
acids, but the nitric acid dissolves it with facility, forming 
nitrate of bismuth. 

When nitrate of bismuth, either in crystals or in solution, is 
thrown into water, a copious precipitate subsides, in the form 
of a beautifully white powder. This is the subniJtrate of bis- 
iQUth, and was formerly known under the name ofmagistery 
of bismuth. This is employed as a cosmetic powder for 
whitening the complexion, but it is a dangerous substance for 
sach a purpose, since, if it happens to be exposed to sulphu- 
retted hydrogen, it turns black, thus exposing the weaier to 
mortification and detection. 

■ 1^ I 1 1 ■ 1 I ^t^amm m mmt »» i i ■ i ■! i i i i ■ »i«i» m i i ai , 

What aire the statti in whicb bismuth is found f What is the colour 
of bismuth ? What axe the uses of bismuth ? In how many propor- 
tions does this metal combine with oxygen ? How may this oxide h% 
fbnoefl i What use is made of the sobnitiate of bismath ? 
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TXTAHitm* 

Titanium has hardly been seen in its pure metallic e^Of 
but the analysis of its oxides proves that such a metal exists. 

The ores of this metal are considerably numerous, and are 
widely disseminated. The native oxides of titanium some- 
times occur in long striated, acicular crystals, of a reddish 
brown colour, and shining metallic lustre. Such ciystalt 
are sometimes contained in transparent pieces of quartz, 
forming specimens of singular beauty. 

The artificial oxides of this metal are white, and are ob« 
tained by diificuh processes. They hold their oxygen with 
such tenacity that all attempts to reduce them, by means of 
hea^t and a combustible, in the usual manner, have failed. 

The equivalent numbers of these acids have not been de- 
termined with certainty. 

TELLURnm-— 32. 

This is an exceedingly rare metal, being hitherto faani 
only in .the gold mines of Transylvania, and at Huntington, 
in Connecticut. It occurs in the metallic state, associated 
with gold, and silver, lead, irgn and sulphur. The colour of 
tellurium is between those of zinc and lead ; texture lamina- 
ted, like that of antimony, which it also resembles in some of 
its properties. It melts at about 600^ ; has a specific gravity 
of 6.11; is brittle, and easily reduced to powder. When 
heated before the blowpipe, it takes fire, bums rapidly with a 
blue flame, and is dissipated in grey fumes, which are an oxide 
of the metal. 

This oxide, which is the only one tellurium forms, is com- 
posed of 32 parts of the metal and 8 parts of oxygen ; so that 
32 is the atomic weight of tellurium, and 40 the equivalent of 
its oxide. •• 

COPPER 64. 

Copper is found native, also combined with milphur, with 
oxygen, with carbonic acid, arsenic acid, sulphuric acid, mu- 
riatic acid, and with several of the metals. Its ores are very 
numerous, and some of them highly beautiful and interesting. 

What ft said of the existence of titanium f What is said of the na- 
tive oxide oFtitaniam f Where have the ores of tellnrium been found f 
In what state does tellariam occur > What is the colour of telloriiira ? 
What is the composition of the oxide o^f tellurium f What, are the sob- 
stances with which copper is found combined f 
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The osed of this metal are luiraerous, and well known. In 
the metallic state, it forms a part of brass, of pinehJbecki of ^ 
Dutch gold, and many other alloys. 

When dissolved in various acids, it forms compounds which 
are employed for a great variety of useful purposes. 

The green pigment, verditer, is a ni^ate of copper, precipi- 
tated by carbonate of lime. Verdigris is an acetate of cop- 
per. Mineral green is a sulphate of copper, precipitated by 
caustic potash. 

Copper receives a considerable lustre by polishing, but 
soon tarnishes when exposed to the open air. Its specific 
gravity is 8.78, and is increased by hammering. It is malle- 
able and ductile, and its tenacity is inferior only to iron. It 
hardens when heated and suddenly cooled. At a red heat, 
with acces3 of air, it absorbs oxygen, and is converted into 
the pieroxide, which appears in the form of black scales. 

Nitric acid acts on this metal with vehemence, and it is 
dissolved I slowly in the muriatic and sulphuric acids. The 
yegelftble acids, as vinegar, also dissolve copper when ex- 
posed to the air, but not otherwise, the oxygen of the Atmos- 
phere assisting in the oxidation of the metal. 

COPPER AND OXTOISN. 

Protoxide of Copper — 72. 

1 p. Copper 64+1 p. Oxygen 8. 

Red Oxide of Copper, 

The red, or protoxide of copper is found native, in the form 
of regular octohedral crystals, variously truncated, and form- 
ing specimens of great beauty. It may also be prepared ar- 
ttficially, by mixing 64 partQ of copper filings with 80 parts 
of the peroxide in powder, and heating the mixture to redness 
in a close vessel. By this process the copper filings attract, 
one proportion of oxygen from the peroxide, which contains 
twice the quantity of oxygen contained in the p^-otoxide. 
Thus the quantity of oxygen is equalized, and the whole is 
converted into the protoxide. 

This experiment affords a very simple illu^ration of the 
law of definite proportions. Eighty parts of the peroxide of 

What are the pruicipal uses of copper ? What is the specific grtiyitj 
of copper f How may copper be conrerted into a peroxide f What 
adds difsolre thia metal f In what form does the protoxide of copper 
occur ? How may tbo protoxide of oopper be prepared by art f 
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copper contain 64 parts of the metal and 16 of oxygen. 
When this quantity is heated wi^h 64 parts of copper, 1 pro* 
portion, or 8 parts of oxygen leaves the peroxide, and unites 
with the copper, thus making, in the whole, 144 parts of the 
protoxide, the copper gaining 8, and the peroxide losing 8, 
the number for each becomes 72, the equivalent for the 
peroxide* 

Peroxide of Copper — 80. 
1 p. Copper 64+^ p« Oxygen 16. 

This oxide is said to be found in the native state. By art, 
it may be formed by keeping thin pieces of copper at a red 
heat exposed to the air, or by heating the nitrate of copper to 
redness. 

This oxide is dark brown, or nearly black. When heated 
alone, it undergoes no change, but if heated in a close vessel, 
with charcoal, or other combustible, it parts with the whole of 
its oxygen, and is reduced to the metallic state. It combines 
with most of the acids, and produces salts of a green or blue 
colour. 

Copper combines with sulphur, and fo^ms a sulphuret of 
the metal. This compound occurs native, and may be formed 
by heating a mixture of copper filings and sulphur. It is 
composed of 64 parts of the metal and 16 of sulphur. 

IiEAD— 104* 

In a few instances lead has been found in the native state ; 
but it most commonly occurs combined with sulphur, forming 
the sulphurot, of a bluish grey colour and strong metallic lus- 
tre. This compound is known under the name of goZena, and 
is the ore from which the lead of commerce is exclusively ob- 
tained. 

The colour and common properties of lead are well known. 
Its specific gravity is 11. In tenacity, it is inferior to all the 
ductile metals. It fuses at about 600^, and when slowly cool- 
ed) may be obtained in octohedral cr3'stals. When newly 



£zplain how the process for forming the protoxide of copper iUm- 
trates the law of definite proportions. How maj^the peroxide of cop- 
per be formed ? IJo^ may the peroxide of copper be reduced to the 
metallic state ? What is the composition of the salphoret of copper i 
In what state is leiid chiefly fbond f What is the common name 6r 
sulpharet of lead ? What is the specific gravity of lead f 
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t;ut, it has a brilKant metaUic liMtre, but is soon tarnished by 
exposure to the air. 

Lead is not oxidized by moisture without the contact of air, 
and hence it may be kepi under pure water for any length of 
time without change. But if water be placed in an open vessel 
of lead, the metal is slowly oxidized, and a white crust is form- 
ed, at the points of contact between the lead, water, and air, 
which is a carbonate of ^e protoxido of lead. Hence, as the 
salts of this metal are poisonous, leaden vessels open to the 
air, should never be employed to contain water for culinary 
purposes. ^ ^ 

The sulphuric and muriatic acids act slowly upon this metal. 
Concentrated sulphuric acid produces so little action on it, 
that the acid is made in chambera lined with lead. Nitric 
ncid is the proper solvent of this metal. The solution, when' 
evaporated, deposits whitish opake crystals of nitrate of lead. 

LEAD AlTD OXTOBN. 

There are three oxides of lead, which are thus constituted : 

Lead, Oxygen. 

Protoxide, 104 + 8 = 112 

Deutoxide, 104 + 12 = 116 

Peroxide, 104 + 16 = 122 

PrciqaBide of Lead, — ^This oxide is procured in purity, 
when a solution of the metal in nitric acid is precipi- 
tated by potash, and the precipitate dried. It is of a yellow 
colour ; is insoluble in water, and fuses at a red heat. The 
same oxide is formed by heating lead in the open air, and is 
known in commerce by the name ofnuusicot. When massi- 
cot is partially fused, in contact with the air, it becomes of a 
reddish colour, and is known by the name of litharge. This 
appears to be a mixture of the protoxide and deutoxide of lead. 
Litharge is mixed with oil used in painting, in order to make 
it dry more rapidly. It is probable that this effect is produced 
by the oxygen, which the litharge imparts to the oil. 

The well known pigment called white lead, is a carbonate 
of the protoxide. This substance is prepared by placing rolls 
of thin sheet lead in pots containing vinegar. The vinegar 
■ ' ' I 1. 1 I I ■ ** 

What is said of the oxidation of lead when kept under water ^ lin- 
ear what circumstances does water become poisonous, when kept in 
leaden vessels ? W hat is said of the action of different acids on lead ? 
How many oxides of lead are there, and what is the composition of 
each ? What is massicot ? How is litharge prepared ? What is the 
use of litharge ? 
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* 
im^«f Ui ita oKygen to th& metal gmdiiaUy, and probably pre. 
pares it for the absorption of carbonic acid from the atmee- 
pbere. Or possibly the lead may be dissolved by the acetic 
aoid) and this acetate, in its forming state decomposed by the 
carbonic ^cid of the atmosphere, in the aame manner that the 
chloride of lime is decomposed, and changed into a carbonate 
by exposure to the air. White lead was formerly considered 
a peculiar oxide, but analysis shows that it is a compound of 
the yellow oxide, and carbonic acid. 

Deutoscide of Lead. — This is the red lead of commerce, and 
i's extensively used as a pigment, and in the manufacture of 
flint glass. It is formed by heating litharge in a furnace so 
constructed that a current of air constantly passes over its 
surface. In this manner, the litharge which is chiefly a prot- 
oxide, is converted into a deutoxide, by absorbing another 
proportion of oxygen from the air. 

When red lead is heated to redness, it gives off pure oxy- 
gen, and is reconverted into the deutoxide. 

Peroxide of Lead, This is formed by the action of nitiic 
acid on red lead. Xhe red lead, or deutoxide is decom- 
posed l^y the acid, and resolved in the protoxide which it dis- 
solves, and converts into the peroxide^ which being insoluble, 
falls down in the form of a puceJ|#coloored powder. This 
oxide is insoluble in any of the licids. When heated it gives 
off large quantities of oxygen gas, and is resolved into the 
protoxide. 

Sulphurei of Lead, This compound occurs very abno- 
damly as a natural product, and may be formed by fusing a 
mixture of lead and sulphur. 

The lead of commerce, as above stated, is obtained exclu- 
sively from this ore, which is generally known under the 
name of galena. The metallic lead is easily obtained from 
the sulphuret. The ore being placed in the furnace, is grad- 
ually heated with small wood or. faggots, to drive off the sul- 
phur. Aflerwards, charcoal and lime are thrown in, and 
the heat is increased. As some portions of the lead become 
oxidated by exposure to the air and heat, the charcoal redu- 
ces these portions by the absorption of their oxygen, and at 
the same time increases the heat. The lime combines with 

™ "M^— ^^ Mill . . ,. . _M., .Ill ■ ■ ■ I ■.■■»■■ I— — ^M— — ^»^— ^*»^»^^— ^^.^^w^ m M m ^^^m^^m^ 

Wha( 18 the composition of white lead ? How is white lead prepar- 
ed? What is the deutoxide of lead? How is red lead prepared^and 
what is its use ? What proportion of oxygen does the deutoxide con> 
tain ? How is the peroxide of lead formed ? What are the properties 
•f the peroxide of lead ? How is lead reduced from the su Ipfauret ? 
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the salphuric acid, which is formed by the union of the sul- 
phur of the metai, the oxygen of the air, and the water of 
the wood, and forms a sulphate of lime. Meantime the 
metallic lead, thus reduced, runs down into the lower part 
of the funiace, where it is drawn off into proper vessels. 

All the salts of lead act as poisonous, with the exception 
of the sulphate, which Orfila has proved is not deleterious. 
-The same author has shown that the acetate, or sugar of 
lead, is decomposed in the stotnach, by sulphate of magnesia, 
or Epsom salt, and that the inert sulphate is thus formed. 
Hence Epsom salt, or Glauber's salt, which is a sulphate of 
soda, becomes an antidote to the poisonous eifects of sugar 
of lead, when taken soon afler.it. 

SALTS. 

The compound resulting from the union of any acid with 
an alkali, an earth, or a metallic oxide, in definite propor- 
tions, is called a salt. 

The substance which combines with the acid' to form the 
salt, is called the base. Thus lime is the base of carbonate 
of lime. Any substance capable of combiuing with an acid 
to form a salt, is called a salifiable base. The salifiable 
bases therefore, are the alkalies, the earths, and metallic 
oxides. 

Any compound which is capable of uniting in definite pro- 
portions with a salifiable base, or which in solution, is jyour 
to the taste, or ]:eddens vegetable blues, is an acid. • ^ • . r v 

From thi0 definition, it will be observed, that acids are not 
necessarily sour to the taste. This in many instances arises 
from their insolubility, for an insoluble acid neither tastes 
sour, nor changes ' the colour of vegetable blues. Other 
acids, which though soluble do not taste sour, and have 
little if any action on colours, still have the property of neu- 
tralizing alkalies, and combining-, with salifiable bases in 
definite proportions ; such is the prussic acid. 

What are the uses of the charcoal and lime in the reduction of lead f 
What compound of lead is said not to be poisonous ? What antidote is 
mentioned to the poisonous eifects of sugar of lead ? How does Epsom 
salt act to neutralize the prisonous effects of the salts of lead ' What 
is a salt ? What is the base of a salt? What is a salifiable base ? 
What is an acid ? Are all acids sour to the taste ? 
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It was formerly supposed that all the acids contained o%f* 
geD, as the acidifying principle, bdt we have atready had 
occasion to remark, that there are several known exceptioBB 
to this truth. Since the discovery of the compound nature 
of the alkalies, and the simple nature of chlorine, it is found 
that some compounds in which oxygen exists, as an element, 
are alkalies, and that others containing no oxygen, are acids. 
Thus the metal potassium, combined with oxygen, forms the 
alkali, potassa, and chlorine united to hydrogen, forms mu* 
riatic acid. 

The dikalieSf are supposed to possess characters exactly 
opposite to those of the acids. Their tastes are pungent ; 
they neutralize the acids, and change vegetable bhie coloufs 
to green. There are however many compounds capable of 
forming salts, and of neutralizing acids, which do not pos- 
sess the latter characters. Thus magnesia, though a pow- 
erful neutral iziug substance, excites no taste, and produces 
litde change on vegetable colours. This want of action 
obviously depends on its insolubility in water. 

Thus a salifiable base does not necessarily contain sensi- 
ble alkaline properties, but is any substance which forms a 
definite Compound with acids, or which being soluble, has 
the alkaline taste, and changes vegetable blues to greeo. 
All the metallic oxides are salifiable bases. 

In speaking of the solution of a metal in an acid, it must 
always be understood, that it is the oxide of the metal which 
is soluble, for no metal combines with an acid in its metallic 
state. The action of the acid is first to oxidate the metal; 
which it does, either by imparting to it a portion of its own 
oxygen, or by assisting it to obtain this principle from the 
water with which the acid is mixed. When copper dissolves 
in nitric acid, the metal is first oxidated at the expense of 
one proportion of the oxygen which the acid contains, and 
hence the fumes of nitrous gas which escape^. But when 
zinc dissolves in dilute sulphuric acid, the metal is oxidated 
by the decomposition of the water, luid then dissolvefl by thtf 
acid, and hence the escape of hydrogen during this process. 
.-- ^ P 

Do all the acids contain oxygen ? Do the alkalies contain oxygen ? 
Give an instance where oxjgen combined with a metal forms an alka- 
. h ' Give an instance in which chlorine and another simple substance 
united, form an acid ? Why is magnesia tasteless? Are the metallic 
oxides salifiable bases ? What change do the metals undergo before 
they are soluble in the acids ? In what manner do the metals become 
oxides before they are dissolved ? When zinc is thrown into dilate 
sulpharic acid, why does hydrogen escape ? 
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It is aaid thai ol leaat 2000 jaits ave known, but thui m a 
email pumber when cotnpared with those which might b« 
formed ; for supposing that each acid to be capable of fotni* 
ing a different compound with each saiiEable base, and each 
base a distinct compound with every known acid, the salts 
would-be numberless. 

It may be supposed, from the variety of propertifs pos* 
sessed by the acids, and the salifiable bases, with which 
they are known to combine, that the resulting compounds 
must present a great variety of different qualities, colours 
and shapes, and in this we are not disappointed. Some of 
the salts are corrosive poisons, others are perfectly inactive 
on the animal system ; some are used as medicines, others 
as paints, others in colouring, dsc. 

It is obvious that in this epitome of the science, only a 
liniited number of these compounds can be described. 
These we shall arrange in groups, or classes, each group 
consisting of the same acid, united to different salifiaUe 
bases. 

Most of the salts are capable of being crystallized, that is, 
of forming dry solid figures of determinate shapes. During 
the act of crystallization, maay of them combine ehemically 
with a definite portion of water, which therefore is called the 
toater of crystallization. 

Some salts contain more than half their weight of water ; 
this is the case of sulphate of soda, or Glauber's salt, Which 
consists of 72 parts of the dry sulphate, and 90 parts of 
water. 

Other salts, as muriate of soda, or common salt, contain 
no water of crystallization. But these salts always contain 
particles of water included mechanically within their sub. 
stance, and hence when heated they decrepitate^ or fly in 
pieces in consequence of the conversion of this water into 
steam. From this cause, common salt decrepitates violent, 
ly when thrown on the fire. 

* Salts^containing a large quantity of the water of crystal, 
lization, when heated, undergo the a^ueou^/u^ion,* that is, 
they dissolve in the water they contain. Anhydrous salts, 
or such as are not chemically united with water, when heat. 

> What aamber of salts are said to bo known ' On what principle 
are the salts thrown into groups ? What is the water of crystalliza* 
tion? Do all the salts contain water of crjstalliaation ? Why does 
commoft salt decrepitate when heated? What is meant by aqueous 
fiiMoa/'^ What is meant by igneom fusion? 
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ed, undefgo the mgemms fuBioti. A salt is said to dfaruce, 
when its water of erystaliization evaporates, and it falls into 
a dry powder. % 

Most of the salts are soluble in water ; and with a few ex- 
ceptions, the solvent power of this fluid is in proportion to its 
tempbrature. One of these exceptions is common salt, which 
is equally soluble in cold and hot water. Some of the salts 
require 500, or 600 times their own weight of water for so* 
lution. This is the case with carbonate of lime, and sulphate 
of lime. In a few instances, as in the sulphate of baryta^ 
the salts are entirely insoluble in water. On the contrary, 
some of th^se compounds have such an aflinity for watei' as 
to enter into solution with that which they attract from the 
atmosphere. In these instances, the salt is said to deUquesce. 
Muriate of lime is an example. It cannot be kept in the 
solid state), unless closely excluded from the atmosphere. 

All the salts are composed of definite proportions of their 
ingredients, and these ingredients are compounded of defi* 
nite proportions of elementary bodies. Thus sulphate of 
potash is composed of 40 parts of sulphuric acid, and 48 
parts of potash. The acid is composed of 16 parts or I atom 
of sulphur, and 24 parts, or 3 atoms of oxygen. Potash is 
comosed of 40 parts, or 1 atom of potassium, and 8 parts 
or 1 atom of oxygen. 

Thus the salts are formed by the union of compound sub- 
stances, and their ^equivalent numbers are the sums of the 
atomic weights of these substances. Thus, the equivalent 
number for the sulphate of potash is 88, being composed of 
the equivalent for sulphuric acid 40, and the equivalent 
for potash, 48. How these latter numbers are obtained 
has just been explained, and indeed the whole of the above, 
so far as regards definite proportions, is only a recapit- 
ulation of what has already been stated more in de- 
tail, in its proper place ; but is repeated here because the 
doctrine of proportions applies especially to the composition 
of the class of Compounds which we are now about to de- 
scribe. 

Some salts combine with each other and form compounds, 
which were formerly known under the name of triple salts. 



When is a salt said to effloresce ^ What salt is equally soluble in 
cold and hot water ^ What salts require a large portion of water for 
flblution ? When is a salt said to deliquesce ? What is said of the 
definite proportions of the ingredients and elements of the salts ? 
What is the composition of sulphate of potash f How is -the eqoiva- 
lent number for sulphate of potash obtainiBd ? 
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But as, in these instasees, only tiro bases combine with one 
acid, or two aeijs with one bine, this kind of union is more 
properly indlaated by the term double than triple ; and this 
change being proposed by Berzelius, is now employed by 
recent writers. 

In describing the salts, we shall follow the method already 
observed in respect to othef compounds, the equivalent num- 
bers being placed at the head of each description. 

SULPHATES. 

The sulphates, when heated to redness with charcoal are 
decomposed and changed into sulphurets. The oxygen, both 
of the oxide and the acid of which the salt is composed, 
unites with the carbon^ forming carbonic acid, while the sul- 
phur and metal combine to form the new compound, the sul- 
phuret. 

The sulphates in solution, are readily detected by muriate 
of baryta ; the muriate being decomposed by the sulphuric 
acid) an insoluble sulphate of bp.ryta is formed, which falls 
to the bottom of the vessel in the form of a white powder. 

Several sulphates exist in nature, the most abundant of 
which are those of lime and baryta. The sulphate of lime is 
very abundant in some countries, and is employed as a ma- 
nure, and in the arts, under the name of gypsum^ or plauter 
of Paris* 

Sulphate oj Potassa — 88. 

1 p, 3. Acid 40+1 p. Potassa 48. 

Vify^laUd Tartar* 

This salt is prepared by neutralizing the carbonate of po- 
tash with sulphuric acid. Its crystals are in the form six- 
sided prisms terminating in six-sided pyramids. Its taste is 
saline and bitter. This salt suffers no change on exposure 
to the air. Its crystals contain no water of crystallization, 
and when thrown on the fire, decrepitate for the reason for- 
merly explained. These crystals are soluble in 16 times 
their weight of water at 60 degrees. 

The composition and equivalent number of this salt are seen 
above. 



What is meant by a double salt ? How are the salphates changed 
into sulphurets ? In what manner does the charceal and beat change 
sulphates to sulphurets ? How does muriate of barytes show the pre- 
sence of sulphuric acid ? How is sulphate of potash formed ? what is 
the composition and equivalent number of thif salt I ^ 
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Swiphaie of aod«t^t2. 

1 p. S. Acid 40+1 p. Soda 92. 

Glaubers' Stdt. 

Sulphate of soda sometimes oQCurs as a native compoand, 
and may be readily formed by saturating common carbooate 
of soda by dilute sulphuric acid. That sold by apothecariea 
is chiefly prepared from the contents of the retort after the 
distillation of muriatic acid. 

This acid is obtained by distilling a mixture of comoKm 
salt, and sulphuric acid. The latter acid, combining with 
the soda of the muriate, the muriatic aCid is evolved and sul- 
phate of soda formed. This being purified, forms the Glau* 
bers salt of commerce. 

Sulphate of soda crystallizes in four and six sided prisms. 
These crystals when exposed to the air part with their wa- 
ter of crystallization, or effloresce, leaving the salt in the 
state of a dry powder. By this process the salt loses about 
half its weight. 

According to the analysis of Berzelius, this salt contains 
72 parts of the neutral sulphate, and 90 parts, or ten atoms 
of water. 

The combining proportions, or equivalents, of the salts, 
refer only to the acids and bases which they contain, and 
not to their water of crystallization. It is found, however, 
that the water of crystallization is always combined in definite 
proportions, as well as the other ingredients. The combining 
number for water, as already explained, is 9, and in the pres- 
ent instance the doctrine of multiple proportions by a whole 
number, is found to be precisely true, there being 10 atoms, 
or proportions, of water in this salh 

Stdphaie of Baryta — 118. 

1 p. S. Acid 40+1 p. Baryta 76. 

Heavy Spar. 

The native sulphate of baryta is widely disseminated, 
though not oflen found in very large quantities at any one io- 



mon 



What is the composition of sulphate of soda? What is the com- 
— on name of this salt ? How is Glauber's salt prepared ? Wh&t pro- 
.portion of water does sulphate of soda contain ? What is said of the 
definite quantity of the water of crystallization .' What is the compo- 
sition and equivalent num W of sulphate of baryta ? What ia the com* 
mon name of this salt ? Is sulphate of baryta a native, or an ariificiai 
slTt? 



cality. It occurs both massive and in anhydrous cffstals 
which are generally flattened^ or tabular. This substance is 
known under the name of heavp spar, having a specific 
gravity of nearly 4j^, being the most ponderous of earthy 
minerals. 

It is formed artificially by mixing the earth bar3rta with suU 
phuric acid. 

It is the most insoluble of all the salts, and bears a strong 
heat without suffering any change. 

This substance is sometimes employed to form the solar 
phosphori, a compound, which shines in the dark, after hav. 
ing been exposed to the light of the sun. 

It is prepared by first igniting the native sulphate, after 
which it is powdered, and sifted. It is then mixed with mu« 
cilage of gum arabic and formed into cylinders about the 
fourth of an inch in thickness. These being dried in the sun, 
are exposed to the heatof a wind furnace supplied with char- 
eoal, for about one hour, and the fire suffered to bum out. 
The cylinders will be found among the ashes retaining their 
original shapes, and must be preserved in a well stopped 
▼ial. 

When this substance is exposed for a while to the sun, and 
then carried into the dark, it will emit so much light as to 
show the hour by a watch dial. 

Stdphate of Lime, 

I p. S. Acid 40+1 p« Lime 28. 

Gypsum. PUditer of Paris, 

This salt occurs abundantly as a natural production. It is 
composed of 68 parts of the pure-sulphate, and 18 parts or 
two proportions of water. This salt is found crystallized in 
brpad foliated plates, and also in compact masses. It is 

Eound, and spread on certain kinds of land as a manure, 
this state it is called ground plaster. The compact variety 
is called tdahaster, and is cut, or turned into various orni- 
mental articles, such as candlesticks, vases, and boxes. 
Some of these specimens are perfectly white, and being 

How is iolar phosphori prepared from sulphate of baryta? What 
carious property has the solar phosphorus ? What is the composition 
of sulphate of lime ? What quantity of water does this salt contain ? 
What is the common name for sttlphate of lime? What are the uses 
of solp^iate of lime ? What is the compact variety of this salt called ? 
How it gypsom prepared to form stucco work ? 



traaalyoonV ave among.tb^ most bttiwiiiflil produetioofl of tbe 
nuoeval kingdom. Olber viiri^ties oi this miaeval are color- 
ed witli meftaUic oxides^ and present the appearance of cloudi^ 
stripefly or spots of red, blue, or browja, interspersed, or alter* 
nating with each other. 

Sulphate of lime is largely employed in forming the oma* 
mental, or stucco work, for churches and houses. For this 
purpose it is first heated nearly to redness, or as the ii^ork- 
men term it, boiled, in order to expel the water of chrystalli- 
zation, and then ground in a mill. In this state it is a fine 
white powder, which being mixed with water and cast into 
moulds of various figures, forms the ornamental work seen 
on the walls of churches and rooms. 

After being mixed with the water, it must be immediately 
poured into the mould, for however thin the paste may be, it 
grows hard, or as the workmen call it, sets, in a few minutes, 
and no addition of water will again make it thin as before. 
This is owing to the chemical coi^hination which takes place 
between the anhydrous sulphate and the water, and by which 
the latter is made solid. 

Sulphate of lime is soluble in about 500 parts of cold wa- 
tor, and as it exists abundantly in the earth, it is more fre- 
quently found 'dissolved in the water of wells and springs, 
than perhaps any other salt. When it exists in considerable 
quantity, it gives that quality to the water called hardneu* 
Such water decomposes soap, by neutralizing its alkali, and 
therefore is not fit for washing. 

Stdphate of Magnesia^tlO0 

1 p. S. Acid 40-^1 p. Magnesia 20. 

Epsom Salt 

Epsom salt is sometimes obtained by evaporating the wa- 
ter of springs which contain it in solution, and sometimes it 
is made artificially, by first dissolving magnesian limestone 
in vinegar, which takes up the lime and leaves the magnesia. 
The magnesia is then purified by calcination, and aflerwards 
dissolved in dilute sulphuric acid, and crystallized by evapo- 
ration. 

What chemical change is jirodoced when the anhydrous sulphate is 
mixed with water ? What is meant by anhydrous ? What effect 
doetf sulphate of lime have on the Water of wells ? What is the com- 
position of sulphate of magnesia ? What is the common name of 
sulphate of magnesia ? What is the use of this salt ? How is sul- 
phate of magnesia prepared ? What is the common name of sul- 
phate of alumina and potash? What is tiie composition of alom? 



This 8ah appears in ntaute quadrangidar, shtntng erystalB. 
Diese 8ttffei|^little change when exposed to the air ;<— 4in* 
dergo the watery fuaton w£eii heated, and^are eolable in three 
ibttrths of their own weight of boiling water. Its use as a 
DMidieineis well known. 

Salphate of magnesia is composed of 90 parts of the dry 
sulphate, and 03 parts or 7 atoms of water. 

Sulphaie of Alumina and Paea9«a-^262. 
3 p. Sulph. Alumina 174+1 p. Sulph. Potassa — 88. 

Ahan, 

Alum is a substance so well known, that its external appear- 
ance requires no description. Its taste, is at once astringent 
and sweetish. It is soluble in about its own weight of boiling 
water. It crystallizes in octohedrons, or eight sided figures, 
and by peculiar management these crystals may be obtained 
of great size and beauty. It is a double salt. 

Sometimes alum is found ready formed in earth or friable 
rocks, and is extracted by collecting such earth, into proper 
vessels, and pouring on water, which passing through, dis- 
solves the salt and holds it in solution. The water beinv then 

o 

evaporated, the alum shoots into crystals. 

When the mineral which furnishes this salt is aluminous 
day, mixed with sulphur and iron, which is more oAen the 
case, another method is taken. The mineral being exposed 
to heat, or merely to the action of the air, the sulphur attracts 
oxygen and is converted into sulphuric acid, which then com- 
bines with the alumine and forms a sulphate. If no potash 
be present in the earth, this is added, and the whole is treated 
bylixiviation, (that is, pouring on water until the salt is dis. 
solved,) and the liquid afterwards evaporated to obtain the 
alum. 

Alum is used in medicine and in the arts. Its composition 
is stated at the head of th^s section. Alum is the base of a 
curious composition called Homherg*s pyrophorus^ .which ig- 
mtes on exposure to the air. It is prepared in the following 
manner. 

Reduce an ounce or two of alum to powder, and mix it 
with an equal weight of brown sugar. Put the mixture into 

Whmt is the procesB by which alum is obtained f Wh&t is the use t>f 
fllant? How is Homberg's pyrophonis preparddf What tinguiar 
aad curious property does this compound possess ? 

24 
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an earthen disb, or ladle, and keep it otirring over the 6te 
until all the moisture is expelled. Then having pulverized it 
finely, introduce the powder into a common vial, coated with 
a mixture of clay and sand. To the mouth of the vial, lute a 
small glass tube, or the stem of a tobacco pipe, in order to 
allow the moisture and gases to escape. The vial .thus pre- 
pared, is set in a crucible surrounded with sand, ^^nd the 
whole placed in a coal fire, and gradually heated to redness. 
/ At first, steam will issue from the tube, but afterwards a gas, 
which being set on fire, burns with a blue flame. 

After the flame goes out, keep up the heat for about fifteen- 
minutes, and then remove the ci'ucible from the fire, and im- 
mediately stop the orifice of the tube with a piece of wet clay. 
When the vial is cool, pour its contents hastily into other 
vials, which are perfectly dry, and then cork them so as en- 
tirely to exclude the air. 

This compound resembles powdered charcoal in appear- 
ance ; but if a few grains be poured out, and exposed to the 
air, it soon glows with a red heat, and will set paper, or wood 
on fire. If poured from the vial, at the distance of a few feet 
from the ground, it forms a shower of fire. When introdu- 
ced into oxygen gas, it spontaneously explodes, giving out 
intense heat and light, and aflfording a very brilliant expe- 
riment. 

Small vials of this pyrophorus may b;e preserved for years, 
and may be made highly convenient, especially for itinerant 
smokers, and to those who are travelling through a wilderness. 

The ignition of this substance is caused by its strong at^ 
traction for the oxygen of the atmosphere. 

SulphcUe of Iron — ^76. 

1 p. S. Acid 40+1 p. Oxide Iron, 36. 

Copperas. Green VitrioL 

This well known salt is the sulphate of the protoxide of iron, 
and may readily be formed by the action of dilute sulphuric 
acid on metallic iron. The green vitriol of commerce is 
however, manufactured directly from the sulphuret of iron, 
which nature furnishes in abundance, flor this purpose, the 
ore, being raised from the earth, is exposed to the air, and 

■ ■■ II ■ ^■■^— * ■■ I W^P^^^^ III! I 

For what usefal purpose may this pyrophoras be employed ^ What 
is the composition of sulphate of iron f What is the common name of 
sulphate of iron ? How ii green vitriol manufactured on a large scale ^ 
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tM^casionally sprinkled with water. By a natural process, the 
sulphur absorbs oxygen from the atmosphere, and is converted 
into sulphuric acid, which is retained by the watei*. The acid 
thus formed, combines with the iron, forming a sulphate of the 
metal, which appears on the decomposition of the ore in a 
greenish crust. The mass is then lixiviated, or washed by 
pouring water through it, by which the salt is dissolved, and 
aflerwards obtained in crystals, by evaporating the water. 

Sulphate of iron is of a greenish colour ; has an astringent 
metallic taste, and is soluble in three fourths of its weight of 
boiling water. According to the analysis of Berzelius, it 
contains 76 parts, or 1 equivalent of the sulphate, and 63 
parts, or 7 atoms of water. 

Large quantities of this salt are employed in the arts, chiefly 
for colouring black, and making ink. 

Sulphate Zinc^-S2, 

1 p. S. Acyi 40+1 p. Ox. Zinc 42. 

White YUriol. 

When diluted sulphuric acid is poured on zinc, for the pur- 
pose of obtaining hydrogen, the residue, if allowed to stand, 
forms small white crystals. This is the sulphate of zinc. 
For the purposes of commerce, it is made by roasting the 
native sulphuret of this metal, and then throwing it into water. 
The sulphate is formed by the decomposition of the sulphuret, 
on the same principle as above described for the manufacture 
of green vitriol, and being dissolved by the water, is obtained 
by evaporation. 

Sulphate of zinc has a strongly stiptic taste, is soluble in 
about two and a half parts of cold water, and reddens vegeta- 
ble blue colours, though strictly a neutral salt. 

This salt consists of 82 parts of the sulphate, and 7 atoms, 
or 63 parts of water. 

It is employed in medicine, as a tonic and emetic. 

NrrRATES. 

The nitrates, when thrown on burning charcoal deflagrate, 
or produce a vivid combustion of the charcoal. This is in 

Explain the chemical changes by which the sulphuret of iron is con- 
verted into copperas. What are the uses of sulphate of iron ? Of what 
is sulphate of zinc composed ? What is the common name of sulphate 
4of zinc ? How is sulphate of zinc of commerce prepared ? What prO| 
portion of water does this salt contain? What are the uses of white 
Titriol ? 
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conseqaeDce of the oxygen gas which they yield when heated^ 
And which unites with 3ie comhuetible as it is expeUed. 

All the nitrates, without exception, are decompoeed at high 
temperatures, or by heat alone. Some of them, as the nitrate 
of potash, or nitre, yield oxygen gas in a state of considerable 
purity when heated, and hence are employed for the purpose 
of obtaining oxygen. 

As all the nitrates deflagrate when thrown on burning char* 
coal, this simple test is sufficient to distinguish them from 
other salts. Another test of these salts, is their power of dia- 
•olving gold leaf, when mixed with muriatic acid. 

The only native nitrates are these of potash, lime, soda, 
and magnesia. 

Nitrate of Poiaah^lOZ. 
1 p. N. Acid 54-1-1 p. Potash 48. 
Saltpetre, Nitre. 

This salt may be prepared by saturating the common car* 
bonate of potash, with diluted nitric acid, and eyapoiating the 
solution until crystals are formed. 

That used in commerce, and for the manufaetute of gun. 
powder, is prepared by throwing into heaps, under cover^the 
remains of de6ayed vegetable, and animal matter found abeal 
old buildings. Heaps of such earth, when exposed to the air 
under sheds, gradually generate nitric acid, in ccmseqsenoe 
of the combination of the nitrogen, which is always contained 
in animal remains, with the oxygen of the atmosphere. The 
earth from such situations also contains lime, magnesia, and 
commonly considerable propcHrtions of potash, from the ashes 
of burned wood. Thus there appears to be formed in these 
nitre beds, the nitrates of lime, potash, and magnesia. Aftsr 
the earth has remained in this situation for several months, 
being now and then sprinkled with water, it is lixiviate^rBni 
to the solution of these salts there is added a quantityVof poU 
ash, which decomposes the nitrates of lime and magnesia, thus 
leaving the nitrate of potash in solution. The nitre is then 
crystallized by evaporating the water, and afterwards further 
purified few use. 

Why do jthe nitrates deflagrato when thrown on burning charcoal ? 
What gas do the nitrates yield when heated f How may the nitrates 
be readily distinguilhed from all other salts ? W hat nitrates are ioimd 
in the native state? What is the eompositioa of nitrate of potash? 
What ii the common name of nitrate of potash? What ia the 
of preparing the mtre of conunexoafi 
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In the East Indies, this salt is formed spontaneously in the 
soil, and is found in smalt crystals on its surface. It is there- 
fore obtained wjth great facility, nothing more being necessa- 
ry than to lixiviate the earth and purify the nitre. 

Nitrate of potassa is a colourless salt, of a cool saline taste, 
which crystallizes in six sided prisms. It contains no water 
of crystallization, but its crystals always contain more or less 
water mechanically retained in them. When heated, it un- 
dergoes the igneous fusion, and at a red heat is decomposed, 
first giving out oxygen, and afterwards both oxygen and ni- 
trogen, and if the hcfat be continued, there will remain only ^ 
pure potassa. ^ ^ 

In chemistry, this salt is employed in the manufacturing of 
nitric and sulphuric acids, and for the purpose of obtaining 
oxygen gas. In the arts, it is chiefly used in the manufacture 
of gun-powder and fire-works. 

Gun-powder is composed by weight, of six parts nitre, one 
part sulphur, and one of charcoal. These ingredients being 
first finely powdered separately, are then mixeid into the form 
of a paste, with water, and beaten together with a wooden 
pestle, until they become very intimately incorporated. This 
paste is then granulated, by passing it through sieves, and 
carefully dried In the sun. 

Ftdminating powder is made by mixing in a mortar three ' 
parts of nitre finely powdered, two parts of carbonate of pot- 
ash, and one part of sulphur. The whole being thoroughly 
mixed by grmding, forms the powder in question. 

When a quantity of this mixture is placed on a shovel, and 
heated gradually, until the sulphur begins to infiame, it ex- 
plodes, giving a loud and stunning report, and leaving the 
ears hardly in a state to bear any thing more for hours, or if 
the quantity be considerable, even for days. Not more than 
Ii^5 or 20 grains of this powder should be exploded at once, 
unless in the open air. 

Nitrate of ammonia. — The mode of preparing this salt was 
described under the article nitrous oxide. This salt is com- 
posed of one proportion of nitric acid 54, and one proportion 
of ammonia, 17=71. It also contains one proportion ofwa- 
ter=9. 

■ ■ ^ . - ■ g 

In what country ia nitre formed spontaneously? When nitre is 
heated, what gases are expelled, and what substance remains in the 
fire ? What are the uses of nitre ? What is the composition of gun- 
powder ? How is fulminating powder prepared ? How is this powder 
need? 

24* 



278 miefwnui^ 

Nitrate of SUt^^VH^ 

1 p. Nkric Acid 64+1 p. Silver 118. 

Lvmar Caustic. 

When nlver is thrown into nitrie acid, the metal ii»drs8ofr<r 

ed, with a copious disengagement of red fames which eonsisl 

of the deutoxide of nitrogen, formerly described. 

The solution^ if allowed to evaporate, will form large rega^ 
lar crystals in the shape of flait rhombs. These, if the metal 
is unalloyed, are pure sitrate of silver* They contsin no wa^ 
ter of crystallization. They undergo the igneous fusion at • 
very moderate heat, and in this state, being cast into smaD 
cylindrical moulds, form the substance so well known, and 
so universally emplc^ed in surgery, and for otiier purposes 
under the name of lunar caustic, 

A solution of this salt m water, being applied to animal or 
vegetable substanees, stains them, after exposure to light, of 
a permanent black colour. The skin or hair, may be made 
black in this manner, and there is no doubt but persons have 
coloured their faces and hands with t^s substance, as prepa- 
ratory to the commission of the worst of crimes^ No washing, 
or any other means, will whiten the skin, once stained with 
this solution, until the scarf skin itself wears off, or is removed, 
which requires several weeks. The solution itself is perfectly 
transparent, and in appearance cannot be distinguished from 
pure water. 

IndeliMe Ink is a solution of nitrate of silver in water, and 
is well known as the only substance in use, with which coUoa 
and linen may be marked in a permanent manner. 

Nitrate of silver, in, solution, is decomposed by a variety 
of substances, having a stronger attraction for oxygen thair 
the silver has. By the action of such substances, the silver 
is revived, and appears in its metallic form. Thus a stick of 
phosphorus placed in this solution, is soon covered with me- 
tallic silver ; and if the solution be heated to the temperature 
of boiling water, with a little charcoal in it, the metal will be 
reduced, and may be obtained in the form of crystals. 

The composition of the nitrate of silver is seen at the head 
of this section. 

When silver is thrown into nitrie acid what g$B escapes ? What im 
the composition of nitrato of silyet? What is the common name c^ 
nitrate of silver ? What is lunar caustic? What effect does a ■olatxi& 
of nitrate of silver have on the skin, or hair f What is indelible inkf 
What substances are mentioned, which decompose nitrate of sUyw? 



There are many other nkrates, but Booe of them are of 
sufficient use^ or interest, to require a description in this bods. 

» CHI.OBATBS* 

The chlorates resemble the nitrates in many of their char- 
acters. These salts were formerly called oaoymuriates. Most 
of them are decomposed at a red heat, with the evolution of 
pure oxygen gas, and are converted into metallic chlorides. 

The pupil may find some difficulty in pointing out the dis- 
tinction between the chlorates and dhlorides* The chlorates 
are composed of chlorine, united to oxygen, forming chloric 
iLcid, which acid being combined with the metallic oxides, 
forms chlorates. The chlorides are composed of uncombined 
chlorine, either united to the metals themselves, or their ox- 
ides. Thus chloride of lime is composed of lime, or oxide of 
calcium, and chlorine. But chloride of calcium is composed 
of the two simple bodies, chlorine, and the metal calcium, and 
consequently contains no oxygen. 

When the chlorates are decomposed by heat, as above sta- 
ted, and converted into chlorides, the change is produced by 
the expulsion of the oxygen, which the compound contained, 
and the. subsequent union between the chlorine and the base 
of the alkali. Thus when chlorate of potassa is heated, its 
oxygen escapes, while the chlorine remains, and combines 
with the base of the alkali, forminlg chloride of potassium. 

In producing the chlorates, it is not necessary that the chlo- 
ric acid should first be formed, and then combined with the 
salifiable base, since the same result is produced by merely 
passing the chlorine through a solution of the alkali. This 
will be explained under chlorate of potassa. 

The chlorates are all of them artificial compounds, none 
of them having been discovered . in the native state. Most 
of them yield their oxygen to combustibles with such facility 
as to produce explosion. Thus lyhen chlorate of potash is 
rubbed in a mortar with phosphorus, or struck in contact 
with sulphur, violent detonations are produced. 

What were the chlorates formerly called ? What is said oif the de- 
composition of the chlorates hy he&t ? What is the difierence between 
the chlorates and the chlorides ? What are the chemical changes by 
-which the chlorates are converted into the chlorides? In producing 
the chlorates, is the chloric acid first formed, or is it only necessary to 
pass the chlorine through the alkaline solution ? Do any of the chlo- 
' rates occur in nature ? What is said of the facility with which the 
dilorates yield their oxygen to combustibles ? 
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Chlorate of Potash^l2i. 

1 p. C. Acid 76+1 p. Potash 48. 

Oxymuriate of Potash, 

The chlorate of potash is formed by passing chlorine gB» 
through a solution of the pure caustic alkali in water. 

The pure potash is readily prepared in the following 
manner. Make a solution of the carbonate of potash in its 
own weight of hot water, in an iron vessel, and add to this as 
much quicklime by weight, as there was potash, and let the 
mixture boil for about ten minutes. Then strain the solu- 
tion through a linen cloth, and it will be fit for use. 

The lime absorbs the carbonic acid from the potash, form- 
ing with it an insoluble compound, thus leaving the alkali in 
its pure, or caustic state. 

The caustic potash being placed in a proper vessel, the 
chlorine is passed into it as long as any of the gas is ab- 
sorbed* 

The apparatus for this purpose is represented at fig. 64. 

'^* . ' The solution is contained 

in the three necked bottle. 
The chlorine may he evol- 
ved by first introducing into 
the retort two ounces of 
finely powdered black oxide 
of manganese, and after eve- 
ry thing is arranged as ia 
the figure, pouring on this, through the safety tube, four 
ounces of muriatic acid, and then applying a gentle heaL 
When the solution is saturated, the gas will pass off by the 
. bent tube into the open air. 

To obtain the salt, the solution is evaporated with a gentle 
heat, and on cooling, small shining crystals of chlorate of 
potash will be deposited. The first product only must be 
reserved for use, as the solution will afterwards form crys- 
tals of muriate, instead of chlorate of potash. 

In the production of this salt by the above .process, the 
chloric acid is formed by the decomposition of the water, 
the oxygen of which unites with one portion of the chlorine 

■ - — .^^—^ ... 

What is the compoBition of chlorate ofpotaah? HowiscaiuitiB 
potash prepared f What is the use of the lime in preparing caustic 
potash ^ Explain the process by which chlorate of potash ifi formed. 
How is the chl6rio acid formed by this process ? 
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tafonn the acid, while the hydrogen thus diseDgAged, unites 
with another portion of the chlorine, forming muriatic acid. 
Hence the solution as ahove.intimated, contains both muriate 
and chlorate of potash* 

When this salt is heated it gives off oxygen nearly pure, 
and chloride of potassium remains. 

If two grains of this salt are mixed with one grain of soL 
phur, and the mixture is struck, or pressed suddenly, « 
loud detonation is produced* When, struck in contact with 
powdered charcoal a similar effect is produced. If a grain 
of the chlorate and half a grain of phosphorus be rubbed 
together in a mortar, very violent detonations will be pro- 
duced. In making this experiment the hand should be cov- 
ered with a glove, and the face protected by a mask, or 
averted, as the inflamed phosphorus is sometimes projected 
several feet by the explosion. 

If a little of this salt be mixed with twice its weiffht of 
white sugar, and on the mixture a few drops of stronig sul- 
phuric acid be poured, a sudden and vehement inflammaticm 
will be produced. 

These phenomena are owing to the facility with which the 
chlorate of potash parts with its oxygen to combustible sub- 
stances. 

This salt forms the base of the red French matches, by 
which a light is instantly obtained. The chlorate being 
.finely pulverized by itself, is then mixed with twice its 
weight of white sugar, moistened so as to prevent explosion, 
jmd afterwards made into a paste with mucilage of gum ara- 
bic. A little of this paste is fixed on the ends of brimstone 
matches, so that when it is inflamed, first the sulphur and 
then the wood is set on fire. These matches require only 
to be touched with a drop of sulphuric acid, when they in. 
stantly burst into flame. The acid for convenience, is con- 
tained in a small vial, and is prevented from escaping by some 
£bres of asbestos. 

Attempts are said to have been made in France, on m 
large scale, to substitute the chlorate of potash for nitre in ths 
manufacture of gun powder. But it was found that the 

workmen could not mix the ingredients, under any circum* 

' ' — • - ' ..11. 

i¥b«nce comes the muriate of potaeh which the eolation contune ? 
Meation eome of the ezperimente which may be made with thie ialt« 
and a combustible ? How are the led matches prepared frcnn this salt ? 
What is said of the attempts made to substitute the chlorate of potash 
for nitre, in the preparation of gun powder I 
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Stances without the greatest clanger, and that in many io* 
stances explosions took place after the powder was prepared ; 
the attempt was therefore abandoned. Attempts have also 
been made to use mixtures of this salt for percussion priming, 
but it was found that the chlorine acted so readily on the 
iron, as soon to injure the gun, and it was therefore laid 
aside, for the fulminating mercury, which is now generally 
used for this purpose. 

PHOSPHATES. 

The phosphates of the metals are converted into phospbu. 
rets by heat and charcoal. Some of the alkaline and earthy 
phosphurets undergo a partial decomposition by the same 
means, while others are not changed. A number of phos- 
phates are found in the native state, such as those of iron, 
lime, copper and lead. 

Phosphate of Soda-^O. 
I p. P. Acid 28+1 p. Soda 82. 

This salt is prepared on a large scale in chemical manu- 
factories, by neutralizing with carbonate of soda, the super- 
phosphate of lime, procured by the action of sulphuric acid 
on burned bones. The phosphate of lime which the solution 
contains, is separated by filtration, and the liquid containing 
the phosphate of soda is then evaporated until crystals of 
the salt are deposited. 

The phosphate of soda is composed of one proportion of 
the acid 28 ; one proportion of soda 32, and twelve pro- 
portions of water 108. It is employed in medicine, and in 
chemistry as a re-agent. 

BOBATES. 

The borates are few in number, and being most of them 
of no use, are little known. They are distinguished by 
imparting a green colour to the flame of alcohol, 
when dissolved in it. Any borate, being first digested in 
sulphuric acid, then evaporated to dryness and the residue 
* I - 1 .1 .1 1 1. 1 ■ I 1 1 1 I III I . 

What are the phosphates which occur in the oatiye state ? What ia 
the composition of phosphate of soda ? How^ is the phosphate of soda 
prepared on a lar^e scale ? What is the use of phosphate of aoda^ 
How are the borates distinguished f 
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boiled in alcohol, produces this effect. Hence, this is the 
test for these salts. 

BuhdrcUe of Soda — 80. 
2 p. B. Acid 48 -fl p. Soda 32. 

Borax. 

This is the only borate of any consequence, either in 
chemistry, or the arts. It occurs native in certain lakes in 
Persia and Thibet, which are said to be supplied by springs. 
The edges and shallow parts of these lakes are covered with 
a crust of borax, which being removed, another deposition 
is formed. It is imported into Europe and America in its 
rough or impure state, under the name of Tinccd, and which 
being purified, forms the r^ned borax of commerce. 

This salt is capable of being crystallized in six sided 
prisms, though more commonly seen in amorphous pieces. 
It is soluble in six times its weight of boiling water. When 
exposed to heat it enters into the watery fusion, and at the 
same time swells to several times its former bulk. When the 
water of crystallization is expelled it passes silently into the 
igneous fusion and forms a vitreous transparent globule called 
^€iss oj borax. Borax is used as a flux, by braziers, and min- 
eralogists, and is employed in medicine in cases of sore - 
mouth. ' 

Besides the constituents of this salt placed at the head of 
this section, borax contains 8 atoms, or 72 parts of water of 
crystallization. 

FLUATES. 

The nature of the fluates, owing to the uncertainty which 
exists concerning the base of the fluoric acid, are little known. 
These salts may, however, be readily identified by first redu- 
cing them to powder, and pouring on sulphuric acid, when, 
with the aid of a gentle heat, fluoric acid will be disengaged, . 
tfnd may be recognized by its property of corroding glass. 

Several fluates are found in the native state, and it is from 
these only, or rather from one of them, the fluate of lime, 

What is the composition of the bi-borato of soda ? What is the 
ooiximon name of this salt ? Where is borax found ? ^What is glsss 
of borax ? What are the uses of borax ? What proportion of water 
does borax contain ? How may the fluates be known ? From what 
jiatural substance is the fluoric acid obtained i 
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that the fluoric acid is obtained. The topaz is a compouod of 
fluoric acid, alumine, and aiiex* Its chemical name is Jbuh 
mUcaU qf alumina* 



FluateoJ 
I p» F. Acid 10+1 p. Lime— 28. 

Derhifthire Spar^ 

This salt is found in its native state in many parts of the 
wo^ld. It is often seen as an article of luxury, cut into the 
ibrm of vases, candlesticks, or boxes, under the name of 
Derbyshvre spar. Its colours are purple, green, red, blue, 
and white, often mixed in the same specimen, and forming 
one of the most beautiful of mineral substances. This sub* 
stance crystallizes in a great variety of forms, the cube being 
the most common. 

Some varieties of this salt phosphoresce when thrown npon 
hot iron, emitting light of various colours, as green, red, 
Uue,&c. 

When fluateof lime is exposed ta the united action of sol* 
pfkuric acid and heat, it is decomposed, the fluoric acid be- 
ing liberated in the form of gas, while a sulphate of lime is 
formed. By this method the fluoric acid is obtained. 

CAKBONATES. 

Some of the carbonates exist in great abundance in the 
native state. The carbonate of lime forms entire mountains. 
These salts may generally be distinguished from all others by 
their eflervescenc^e when exposed to the action of the strong* 
er acids. This is owing to the escape of carbonic acid during 
the decomposition of the salt. Thus when sulphuric acid is 
poured on carbonate of lime, the lime and acid combine, 
while the carbonic acid being thus liberated escapes through 
the solution, and occasions the eflervescence. 

The carbonates, with the exception of those of potash, 
soda, and ammonia, are very sparingly soluble in water* 
The carbonate of lime is entirely insoluble in pure water, but 
is soluble in water containing carbonic acid. 

Wba^t is the chemical name of topaz f What is the compoaHioii, 
and what the combining nnraber of fluate of lime ? What is the ooni* 
mon name of fluate of lime ? How is the fluono aoid obtained ? What 
carbonate forms entire mountains? How may the carbonates be di»* 
tingnished from all other salts f What occasions tho eflforvi 
when carbonate of lime is acted on by a strong acid f 



GASbONATSS. 28$ 

Many carbonates of the metals as well as of the earths are 
found native. The carbonates of lime, of soda, barytas, 
strontian, magnesia, manganese, of iron, copper, and lead, 
are all native salts. 

Carbonate of Potash — 70. 
1 p. C. Acid 22+1 p. Potash— 48. 

Potash. Pearlash, 

The well known substance pearlash^ is the potash of com- 
merce deprived of its impurities, and saturated with carbonic 
acid. The potash of commerce is obtained by lixiviating 
the ashes of land plants, or common wood, and evaporating 
the solution to dryness. In this state it is of a dark reddish 
colour, and when recently prepared, is exceedingly caustic to 
the taste', and touch. By age its caustic property is gradually 
lost, in consequence of the absorption of carbonic acid from 
the atmosphere. Potash is chiefly employed in making sofl 
soap and glass. ^ 

The hi'CarhonaJte of potash is prepared by transmitting a 
current of carbonic acid gas through a solution of the carbo- 
nate. This salt contains 44 parts of carbonic acid and 48 
parts of potash, making its equivalent 92. It also contains 9 
parts, or one proportion of water of crystallization. This is 
far milder, both to the touch and taste, than the carbonate. At 
a red heat it parts with one proportion of its acid and is redu- 
ced to a carbonate. 

This salt is in common use under the name sal-aratis. It 
is employed for culinary purposes ; in many of the arts, and 
in medicine. 

The bi-carbonate of potash may be obtained in regular 
prismatic crystals, by evaporating its solution gradually. 

Carhonale of Soda — 54. 

1 p. C. Acid 22+1 p. Soda— 32. 
Soda, 

' The carbonate of soda is prepared by burning plants which 

What carbonates are found native ? What is the composition of 
carbonate of potash ? What is the common name of carbonate of 
potash ? How is potash obtained ? What are the uses of potash ? 
How is the bi-carb<>nate of potash prepared ? What is. the common 
names of bi-carbonate of potash f How is the carbonate of soda pre- 
pared.' 

26 
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grow in the seat &ncl ludvating their ashes. The impure so- 
da of coqunerce is known umler the name of hcrtUa^ and is 
obtained by burning certain sea plants expressly for the par- 
pose. An inferior kind is called keip, and is prepared with 
less care and from different plants. 

The carbonate of soda of commerce is prepared by dis. 
solving barilla in water, filtering the solution, and then evap- 
orating the water. If the evaporation is conducted slowly 
the salt shoots into regular crystals. By continued gentle 
heat these crystals part with their water, and are rendered 
anhydrous without loss of carbonic acid. This salt dissolves 
in about its own weight of hot water. 

Carbonate of soda is composed of one proportion of the 
acid 22 ; one proportion of soda 32, and 10 proportions or 
90 parts of water. x 

Hard soap is prepared entirely from soda. Bi-carhonate of 
soda is made by transmitting carbonic acid through a solution 
of the carbonate in water. It may also be prepared by pla- 
cing vessels containing the carbonate in the vats of a distille- 
ry or brewery, where the process of fermentation is carried 
on. By either process the carbonate is made to absorb an 
additional proportion of the acid, and is thus converted i!ito 
the bi-carbonate. 

, This salt contains two proportions of the acid 44 ; one 
proportion of soda 32 and 9 parts of water. 

The bi-carbonate is in general use as'a medicine, and forms 
the alkaline portion of soda powders. Vi also forms the ba- 
ses of that agreeable beverage soda water. 

XURIATES. 

The muriates may be distinguished by the emission of ma. 
riatic acid fumes when tested with strong sulphuric acid« 
And also when in solution, by forming a white insoluble chlo- 
ride, when tested with nitrate of silveri 

Muriate of Ammonia — 54. 
1 p. M. Acid 37+1 p. Ammonia — 17. 
' ^ Sal-ammoniac* 

Sal-ammoniac was formerly ^imported from the East, and 

What is tho Dame of the impure soda of commerce ? What is kelp I 
What is the composition of carbonate of soda ? What kind of soap 
Ui made from soda ? By what process is bi-carbonate of soda made ? 
How does the bi-carbonate differ from the carbonate of soda ? Wlgt 
are the uses of bicarbonate of soda? What is the composition of nA* 
riateof ammonia? 
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particularly from Egypt ; but has for many years been man- 
ufactured in large quantities, in several parts of Europe. 
Several processes are used at the different manufactories. 
The following is the method employed at a principal manu- 
factory in Paris. 

Two kilns are constructed of brick, in which are placed 
proper vessels for containing the materials employed. Into 
one of these vessels is placed a quantity of common salt, on 
which is poured sulphuric acid, and into the other are thrown 
animal matters, such as horns, bones, pearings of hides, &c. 
On the applicatioQ of heat there is extricated from one vessel, 
muriatic acid gas, and from the other, ammonia. These gases 
are conducted by flues into a chamber, lined with lead, where 
they combine, and form solid muriate of ammonia, which 
encrusts the roof, and sides of the room, and enters into so* 
lution with a stratum of water on the floor. 

Muriate of ammonia, as seen above, is composed of mu- 
riatic acid and ammonia. Both these constituents exist in 
the sUte of a gas, but when combined they form the solid ' 
compound in question. 

The elements of! ammonia, (nitrogen and hydrogen) exist 
in all animal substances, and the muriatic acid, is a consti. 
tuent of common salt. In the above process the ammonia is 
extricated by the heat, while the muriatic acid is evolved by 
the decohiposition of the common ss^t. 

This mode of preparing sal ammoniac may be illustrated in 
the following manner, and afibrds a very instructive and 
satisfactory experiment. 

Fig. 65. Provide two flasks, each furnished with 
a tube as represented at fig. 65. Into one 
of these put a handful of common salt, 
and a little sulphuric acid, and into 
the other put .equal parts of powdered 
quicklime and sal ammoniac, grouncl togeth- 
er. Then invert over the ends of the tubes 
a tall bell glass, or a tubulated received, as 
seen in the figure, and apply a gentle heat 
tt to the bottom of each flask. The two 
^^^ gases will h% disengaged, and combining, 
^^ will form a white cloud within the receiver, 
^ which will gradually condense and cover 
its surface with solid sal ammoniac. If 

J hat is the common name of muriate of ammonia? What is the 
ess for making muriate of ammonia ? How may the process of 
making the muriate of ammonia be illustrated by the'apparatus repre- 
sented at fig. 65. « 
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one of the gases be introduced into the receiver without the 
other, it will remain transparent and unseen until it meets 
the other, when a dense white cloud will instantly be 
formed. 

In this experiment the ammonia is set free in consequence 
of the decomposition of the muriate, by^ the quicklime, which 
combines with its muriatic acid. 

The article used in smelling bottles, and called voUuUe 
saUs, hartahorny 6cc, is a carbonate of ammonia. 

Muriate of Barytes — 115. 
1 p. M. Acid 37+1 p. Barytes 78. 

This salt is formed by saturating muriatic acid with car. 
bonate of barytes. For this purpose, either the native or 
Artificial carbonate may be employed. 

Muriate of barytes crystallizes in four sided tables, and 
contains nine parts, or one proportion of water. It is 
soluble in about two and a half times its weight of water ; 
and is much employed as a reagent in chemistry. 

HYDROSULPHlffRETS. 

Sulphuretted hydrogen is formed by the action of muriatic 
acid on sulphuret of Antimony, or some other metallic sul- 
phuret. 

This gas is capable of forming salts with the alkalies, or 
alkaline earths, when passed into their aqueous solutions. 
It thus performs the office of an acid, and the compounds so 
formed are called hydrosulphurets. 

The hydrosulphurets are all of them easily decomposed, 
with the disengagement of sulphuretted hydrogen : the fetid 
odor of which, seldom leaves the experimenter in any doubt 
concerning the character of the compound. 

Hydrostdphuret of Potash, 

The best method of making this salt, or of impregnating 
water with any other gas, is by means of the apparatus rep- 
resented by fig. 66. 

I _ 11 -^ - . — J — - ,^j ^^^ ^ , — ^ ^ ^^^ 

What is the composition, and what the combining proportion of 
muriate of barytes ? How is the muriate of barytes prepared ? What 
are the hydrosulphurets f How are the hydrosalphurets formed ? 
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Fi;. 66. 




The solution of pure potash 
in water, is placed in the lower 
vessel, while the materials for 
extricating the sulphuretted hy. 
drogen are contained in the re- 
tort. The influx of the sulphu- 
retted hydrogen into the lower 
vessel, drives the fluid into the 
upper one, the juncture between 
the two, being made close by 
grinding^ Thus, the fluid press- 
ing on the gas, the absorption 
of the latter is greatly facilita- 
ted. In this manner soda^iipater 
may be made, the tube in the 



upper vessel being convenient for the introduction of an ad- 
ditional quantity of soda, when required, or for a similar pur- 
pose when experimenting on other substances. These ves- 
sels being made of glass, the changes in the height of the 
fluid, and consequently its degree of pressure on the gas, are 
tnade obvious. 

This salt forms large transparent crystals, in the shape of 
six sided prisms. Its taste is bitter, and it is soluble in water 
and alcohol. 
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OROANTO CHEMISTSY. 

Organic chemistry comprehends the history of all those 
different substances or elements, which form vegetable and 
animal bodies. 

In many respects this department of chemistry diflers 
very materially from that of the mineral kingdom. The an- 
alysis of inorganic bodies show, that each substance which 
differs materially from another substance, contains some 
principle peculiar to itself, or that the difference arises from 
the multiplied proportion of some one constituent, while the 
other remains the same. Numerous instances of both these 

Explain fig. 66, and describe in what manner the water presses on a 
gaft generated in *the retort^and foreed into the Ipwer vessel. What 
dots the third part of this volome treat of? What does organic chem- 
istiy comprehend ? In what respect doos organio chemistry differ from 
mineral chemistry f 

25* 
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cases will be found on referring to the composition of various 
substances, and to such compounds as are formed by the 
union of different, but definite proportions of the same ele- 
ments. Thus sulphur united to oxygen, and carbon united 
to the same element, form two compounds differing from 
each other in every respect, with the exception that they 
both combine with salifiable bases and form salts. And 
mercury, with one proportion of chlorine forms a compound, 
which may be taken in large doses, and is in general use, as 
a medicine, while with another proportion of the same 
element, it becomes lone of the most corrosive poisons 
known. 

On the contrary, the elements of organized bodies are 
comparatively few in number, and although the different 
products, df which there is a great variety, must be com- 
posed of different proportions of these few elements, yet the 
resulting compounds of the same elements never present 
qualities differing widely from each other, like those of the 
mineral kingdom. 

There is another wide difference between organic and in- 
organic chemistry. The latter presents us only with com- 
pounds formed in consequence of affinity, or the attraction of 
the heterogeneous particles of matter for each other. But 
organic substances are formed by the action of peculiar or- 
gans, each organ being endowed with the power of produ- 
cing different results from similar elements. 

Thus the several organs of the same tree produce wood, 
bark, flowers, fruit, gum, honey, &c. from the same ele- 
ments. While the organs pf secretion, and growth in ani- 
mals, produce bone, marrow, flesh, bile, fat, hair, hails, 6LCt 
from the same food. 

In general the chemist finds little difficulty in decompo- 
sing, and afterwards imitating the products of the mineral 
kingdom, by again joining the same elements to each other. 

But {ilthough he can decompose the products of organic 
action, and find the proportions of their elements, he never 
has been able to recompose, or imitate these compounds. 
Thus sugar and gum, are found to be composed of hydro- 

What is said of the number of elements in organized bodiei ? What 
is the difference in the mode in which inorganic and organic substanoes 
are formed? What substances does the different organs of a tree 
forhi, from the same elements ? What are the different Bubfltancas 
mentioned, which the several organs of an^animal pradiffltl from the 
same food ? What is said of the power of the chem&stfckShitate in- 
organic and organic 'substances ? 
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geD, oxygen and carbon, and the exact proportions of these 
elements tt^hich they contain, are known, but no chemist 
has yet found the means of combining these elements, so as 
again to form sugar and gum. 

Organic substances differ also, from inorganic, in their 
tendency to decomposition. Thus all animal and vegetable 
bodies, without exception, when exposed to the agencies of 
air and moisture, undergo spontaneous changes, their ele- 
ments entering into new combinations, and forming new 
compounds, to the entire destruction of the old ones. The 
compounds of the mineVal kingdom, on the contrary, are 
generally permaifent, many of them having probably not 
suffered the least change since their creation. 

The changes which result from the decomposition of an- 
imal and vegetable substances are oflen exceedingly com- 
plicated, and particularly when this is produced by heat, and 
in a close vessel. A compound consisting of carbon, hy- 
drogen, and oxygen, when thus treated, will produce water, 
carbonic acid, carbonic oxide, and carburetted hydrogen, 
and if the substance contains nitrogen, in addition to these, 
there will also be formed ammonia, and cyanogen. 

VEGETABLE CHEMISTRY. 

Before proceeding to describe particular substances, or 
the means by which the composition of vegetable products 
are ascertained, and to show the elements of which they are 
composed, we shall give a short account of the process of 
vegetation, an^ point out the chemical changes which take 
place during the growth of plants. * . 

We have already stated, that the elements of which vege- 

V tables are composed, are few in number, and that the great 

variety which we observe in plants, and their different parts, 

must therefore arise from the different proportions in which 

these few elements unite. 

The constituents of vegetables are carbon^ hydrogen and 
oxygeriy to which is occasionally added small proportions of 
nytrogen. The nitrogen, however, occurs only in such plants 
as emit the animal odor during their decomposition, as cab- 
bage, and some of the mushrooms. 
^ ■ ■ ■ 

What is the difference between inorganic and organic bodies with 
respect to ihe tendency to decomposition ? W hat is said with respect 
to the complicated changes which organic bodies undergo, bj decompo* 
tition f What are the elements or constituents of w^ieh all vegetables 
are composed? How is the great variety under which vegetables 
appear, accounted for, when their elements are so few in number ? 
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Notwithstanding the great Viriety which we obeorve in tb« 
,textura, colour, taste, emelt, hardaem, and other properties of 
different plants, as well as their severs] parts, such as Sowers, 
seeds, and fruits, it is certain tbftt their compositions differ 
only ia respect to different proportions of these elemeata. 

The essential organs of plants are the root, the stem, the 
leaves, the fioteert, and the teedi. The nxA serves to attach 
the plant to the soil, and ia one of its organs of DUtrinient. 
T\tt stem, which is usually erect, serves to elevate the leaves, 
the flower and the fruit, from the ground, by which they are 
exposed to air and light. The leave* are the respiratory or- 
gans of the plant, and the jiower performs the important 
office of giving rise and nounsbment to the leeds, by which 
die plant ia reproduced. 

When a seed. is exposed in a situation which favours its 
growth, it soon undergoes a change. It swella, grows soft, 
bursts its membrane, or shell, and at the same time, from 
being insipid and farinaceous, it becomes sweet, and muci. 
laginpus, thus becoming fit nouriahment for the new plant. 
The stem and leaves are soon after elevated above the 
earth, in search of air, warmth, and light, while the root 
sinks into the ground in search of moisture and nourish- 
ment. 

The seed, however various in 'form, consists essentially of 
the eolyledon, the plumula and the radicle. The cotyledon 
contains the matter necessary for the early nourishment of 
the young plant. Sometimes this is single, sometimes dou- 
ble, and sometimes it is divided into lobes. The plumula is 
enveloped within the cotyledon, and is the part which produ- 
ces the stem and leaves. The radicle shoots downwards, ' 
and becomes the root. 

^8- ^'' The garden bean, having been 

a few days in the ground, shows 
all these parts in perfection, and 
is represented by fig. 67. Tlie 
..•'If cotyledons form the bulk of the 
seed and are marked a a. The 
plumula b, and the radicle e, on 
represented as beginning to shoot, 
while d d maik the membrane by 
which the whole has been enclosed. 

What nie the ssiential organa of pluita? WhiX parposes do each 
of these organs lerTS ! When a seed i> placed in circamBtuic«s Ibtot^ 
blato its groirth, what changes does it uadergo .' What ia said of tha 
atern and rooti > Of what doea a Ked CMontiallf ooDtitt ? What ii 
tlia cotyledon .' 
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The circumstances necessary for healthy germination, are 
a temperature above the freezing point, and below 100 de- 
grees ; moisture in a certain proportion, depending on the 
kind of seed ; and a proper access of air. 

The joint operation of these several agents seem absolutely 
requisite, for seeds exposed to the action of air and moisture 
at a temperature below 32^, will not grow, though they may 
not be absolutely destroyed by the frost. Nor will seeds ve- 
getate without the contact of some air, though both heat and 
moisture be present. This is shown by burying seeds deep 
in the ground, where they are known to lie in a torpid state 
for years, and in some instances it is supposed, even for cen- 
turies. Thus when alluvial soils are exposed to the sun, 
though taken from many feet below the surface, they afford 
grass from the seeds they already contain, and which had 
before remained torpid an unknown length of time, for want 
of the germinating power of oxygen. 

This curious fact is confirmed by the experiment of Mr. 
Ray, who found that seeds exposed to heat and moisture, but 
confined jn the exhausted receiver of an air pump, showed no 
signs of germination. 

Other experiments have proved that seeds will not grow 
under any circumstance, without the presence of oxygen. 
Healthy seeds, supplied with abundance of heat and mois- 
ture, but confined to an atmosphere of nitrogeh, carbonic 
acid, or hydrogen, showed no signs of germination. 

It appears, however, that only a very small quantity of 
oxygen is required for this purpose, for Mr. Ray found that 
when the receiver of his air pump was not completely ex- 
hausted, the seeds would sprouts In this respect several ex- 
perimenters have been deceived, and in consequence of not 
producing a complete vacuum, have concluded that air was 
not necessary for the process of germination. 

It being thus certain that seeds will not germinate without 
the aid of oxygen, it hardly need to be stated that the future 
growth of the plant must require the presence of the same 
principle. 

The immediate source from which plants draw their nour- 

What is the plumula? What is the radicle? What are the cir- 
cumstances necessary to healthy germination ? Will seeds grow 
when exposed to air and moisture under 32 degrees ? How is it shown 
that seeds will ;iot vegetate without air ? What was Mr. Ray's expe- 
riment on the growth of seeds f What gas is absolutely necessary to 
the growth of seeds ? 
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ishment, h93 been a matter of doubt and controversy. It is 
certain, however,, that they will not grow without the pres- 
ence of heat, air, and moisture. It also seems necessary for 
their vigorous growth, that their roots should be placed in the 
earth, but whether this is requisite for their nourishment, or 
whether the ground serves merely to give them support, was 
a question long in dispute. t 

Van Helmont planted a willow which Weighed 5 pounds, in 
a pot containing 200 pounds of earth. This he watered for 
the space of five years, and at the end of that time, the tree 
was found to weigh 169 j- pounds, while the earth in which it 
had stood, being dried as at first, was found to have lost only 
twt> ounces. Here then was an increase of 164 pounds 
weight, and yet the food of the plant had been water only. 
This experiment was supposed to settle all controversy, and 
to decide that the sole food of plants was water. But Mr. 
Boyle afterwards showed, that the water with which the tree 
was moistened, contained earth, from which the willow de- 
rived at least a part of its nourishment. 

Afler a great variety of curious, and many elaborate ex« 
periments on this subject, it has been ascertained, that plants 
will germinate in pure water, and that the young plant, for a 
time, will grow with no other aliment ; but that it finally grows 
sickly, and does not come to maturity and produce seed, with- 
out other nourishment. 

A proof that plants do not thrive on water alone, is drawn 
from the well known fact, that soils become sterile by a long 
> succession, of crops, but are again made productive by the 
addition of new ingredients. 

Nor does it appear that the simple earths, or clay, without 
some additional ingredients, are sufficient to support the g]y>wth 
of vegetables. On making an experiment, by planting seeds 
in pure silica, alumina, or magnesia, moistened with pure 
water, and exposed to proper degrees of heat, it was found, 
that although germination was effected, the young plants did 
not grow, until supplied with water, which contained vegeta- 
ble or animal remains in solution. 

What are the agents necessary for the vigorous growth of a plant? 
What was the experiment of Van Helmont, and what was it supposed 
to decide f How did Mr* Boyle show that the willow did not live on 
water alone ? What has been ascertained with respect to the growth of 
pkints in pore water ? What common fact concerning soils shows that 
plants will not thrive on water alone? What is said of tho growth of 
vegetables in the pare earths ? 
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It is for this reason, that earth taken from a depth below the 
surface, never forms a productive soil. The soils best adap- 
ted to the growth of plants, always contain a proportion of 
vegetable mould, that is, the remains of decayed vegetables. 
This mould contains a quantity of matter which is soluble in 
water, and it is probable that the fertility of a soil depends in 
a degree on the quantity of soluble matter it contains, and thdt 
in this manner the aliment of plants is prepared for absorption 
by the roots. 

The sap which is prepared from the fluid absorbed by the 
roots, is constantly ascending up the vessels of the plant du. 
ring its growth, until it arrives at the leaves. Here it under- 
goes a considerable change, the watery parts being thrown 
off by the perspiration of the leaves, while that which re- 
mains is converted into a peculiar juice, called the true sap, 
which, like the blood of animals, is afterwards employed in 
forming the various substances found in plants. 

The leaves of plants are net only their perspiratory organs, 
but they also serve the purpose of respiration, that is, they ' 
alternately absorb carbonic acid and emit oxygen at their 
surfaces. 

Plants constantly throw off moisture from their surfaces 
by perspiration^ but the quantity is much larger during the 
day than during the night. Dr. Hales found that a cabbage 
transmitted tlaily a quantity of water nearly equal to half its 
. weight. The office of transpiration is performed entirely by 
tt}e under side of the leaf, and may be almost entirely stop- 
ped by spreading varnish on that surface. 

The fact that plants absorb carbonic acid was first observed 
by Dr. Priestly. Having suffered a sprig of mint to vegetate 
for ten days in a quantity of this gas, which would instantly 
extinguish a candle, he found at the end of that time, that 
the candle was not extinguished by it as before, but that the 
flame continued for a while. Subsequent experiments have 
shown, that pure carbonic acid stops the growth^ of plants, 



"Why does not the earth, taken from a considerable depth below the 
fiirfHce, form a productive soil ? On what dooi the fertility of^a spil 
appear to depend f What changes does the sap undergo in the leaves? 
"What is the true sap, and what its use f What office do the leaves 
perform beside that of perspiration ? What proportion of water did 
I>r. Holes find a cabbage to transmit ? What part of the leaf throws 
off moisture ? What was Dr. Priestiy's experiment with a sprig of 
mint and carbonic acid ? . . • 
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but that a small quantity is absolutely necessary to healthful 
vegetation. 

In Dr. Priestly's experiment the sprig of mint could not 
have qualified the air in which it was confined, for the sup- 
port of combustion merely by the absorption of the carbonic 
acid. It must be inferred therefore from this experiment, that 
the plant not only absorbed carbonic acid, but that it gave out 
oxygen, or that it converted the carbonic acid into oxygen 
'gas, and this inference has been confirmed by experiment. 

Plants while growing io the light absorb carbonic acid from 
the atmosphere, which they decompose ; the oxygen, of 
which this acid is in part composed, being emitted, while the 
carbon is retained by the plant. 

If a growing plant, as a sprig of mint, be exposed to the 
sun, in a glass vessel filled with water, it constantly emits 
from its leaves small bubbles of air, which on examination 
are found to be oxygen gas. Now water, under ordinary cir- 
cumstances always contains a^quantity of atmospheric air, 
and the atmosphere always contains a proportion of carbonic 
acid, and hence it may be inferred that the water furnishes 
the air which the plant decomposes in this experiment ; that 
this is the case, is proved directly by making the experiment 
with water, deprived of its air by the air pump, or by boiling, 
when not a particle of oxygen is obtained. 

That it is the carbonic acid which the plant decomposes, 
and from which the oxygen is derived, is proved by two facts. 
The first is, that vegetables are found not to emit oxygen, un- 
less carbonic acid be present. The other is, that if the plant 
foe confined in a mixture of carbonic acid and oxygen, the 
quantities of which are known, the proportion of oxygen will 
be increased, while that of the acid will be diminished. 

From these facts we arrive at the wonderful conclusion, 
that plants absorb carbonic acid from the atmosphere, and 
that they retain the carbon for their own nourishment, but 
return the oxygen to purify the air. And from all that is 
known, it is most probable that a great proportion, if not all 

In Dr. Priestly's experiment, what change did the mint produce on 
the carbonic acid ? When a plant is exposed to the son in a Teasel of 
water whence comes the carbonic acid which it decomposes ^ What 
two facts prove that plants emit oxygen in conseqaence of the decom- 
position of carbonic acid ? When plants decompose caibonic acid, 
what becomes of the carbon ? From what source is it probable that 
plants derive m6st of their carbon ? 
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the carbon which wood contains is derived from the atmos- 
phere in this manne^. 

On the contrary, during the night, or when the light of the 
sun is withdrawn, plants absorb oxygen and form with it car- 
bonic acid, a part of which they emit, and a part is retained. 

It appears from experiment, that vegetables not only cease 
to thrive, but that they actually die, if deprived of this night- 
ly inspiration of oxygen. Thus if a plant be confined du- 
ring the day in a portion of carbonic acid, it decomposes n 
part of this gas, which is replaced by the emission of an 
equal volume of oxygen. But at night a part of this oxygen 
is absorbed and converted into carbonic acid, which is again 
^ emitted. Thus ultimately, the plant decomposes all the car- 
bonic acid, because it emits more oxygen during the day than 
it absorbs during the night. But if the oxygen which is 
formed during the day is withdrawn at evening, that is, if the 
plant has a new supply of pure carbonic acid every day, it 
soon droops, and dies for the want of its oxygen. 

The leaves of plants absorb water, as well as carbonic acid 
and oxygen. The great effect which the dey^ of night, or 
sprinkling with water, has on a drooping flower, is a proof 
that the leaves imbibe moisture. 

Experiments also prove, that detached leaves oflen live 
for weeks whem swimming on the water, and that a plant 
which is dying for want of moisture at the root, will revive 
and grow, when a branch with its leaves are placed in a ves- 
eel of water. 

It is most probable, therefore, that during dry seasons, and 
when there is a defect of moisture at the root, that the plant 
is in part sustained by the absorption of water from the air, 
and particularly from the dew as it falls at nieht. 

In addition to heat, moisture, oxygen, ana carbonic acid, 
healthy vegetation requires a certain quantity of light. It is 
well known that plants which grow in the dark are always 
nearly colourless, and that they appear weak and unhealthy. 
The disposition of plants to enjoy the light is expressed by 
their inclination towards it, when it is stronger in one direc- 
tion than in another. 



When do plants absorb oxygen from the atmosphere f How is it 
shown that plants droop and die, when deprived of oxygen ? How is 
it shown that the leaves of plants absorb waterf What agent does 
heaitthy vegetation require in addition to heat, oxygen, water, and car- 
bonic acid f How do plants show their disposition to enjoy iba light ? 

26 
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Thus bean, or potatoe viiaes, growing in a dark cellar, wiH 
always run towards the Ugiit, and if possible, will creep out 
into the open air. And flowers, growing in pots placed near 
a window, will always lean towards the light, so that to keep 
them in a vertical position the pots must often be turned. In 
thick forests the trees grow tali for the same reason : they 
stretch upward to enjoy the light and heat of the sun. 

Plants which grow in the dark contain more water, and 
less carbon than those which grow in the sun. A plant which 
grew in the dark, on analysis of one of its branches, was 
found to contain only one-ninetieth part of carbon ; but on 
allowing the same plant to stand for thirty days in the sun, it 
was found to contain one-twenty-fourth part of carbon. 

This h readily accounted for, by the fact, that plants grow- 
ing in the dark, emit no oxygen, but give out carbonic acid, 
and hence the defect of carbonaceous matter which they con- 
tain. This also accounts for the circumstance, that when a 
healthy plant is placed in' the dark, it not only ceases to form 
carbon, but actually loses a part of that which it before con- 
tained, by the constant emission of carbonic acid. 

# 

Recapitulation, 

1. Vegetable substances are chiefly composed of carhonf 
hydrogen^ and oxygen^ but sometimes contain portions uf ni- 
trogen. 

2. During the process of germination, the farinaceous sub- 
stance of the seeds become sweet, and affords nourishment 
to the young plant. 

3. Healthy germination does not^proceed without the com- 
bined presence of heat, water, and oxygen. 

4. Seeds will not germinate in a vacuum, or in any gas 
which does not contain oxygen, though heat and moisture be 
present. 

5. Plants receive nourishment from the air, as well as from 
the earth. 

6. Plants nourished by pure water, and having access to 
the air, grow for a time, but do not produce seeds. 

7. The nourishment which plants receive by the roots, is 

probably in a state of solution in water. 

— ■ — 

Why do the trees in thick forests grow tall ? What is the difierenoe 
in composition between plants growing in the dark, and in the light f 
How is the small quantity of carbon contained in plants growing in the 
dark accounted for ? The student should be able to answer ell the 
questions involved in this recapitulation. 
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B. The sap undergoes a change in the leaves, where it 
parts with a portion of water, and is thus fitted to form the vari- 
ous substances found in vegetables. 

9. In the day time, plants absorb carbonic acid, retain the 
carbon, and emit the oxygen. 

10. In the night, they absorb oxygen, and give out carbo- 
nic acid. 

11. Plants do not live unless they are permitted to absorb 
oxygen during the night ; nor will they live unless they ab- 
sorb a portion of carbonic acid during the day. 

12. Vegetation will continue for some time in either car- 
bonic acid, or oxygen gas ; because when confined in carbo- 
nic acidy plants emit a quantity of oxygen during the day, 
which they absorb at night, and when confined in oxygen, 
they give out a quantity of carbonic acid'nX night, which again 
serves them during the day. 

13. Healthy vegetation absolutely requires the agency of 
light. 

14. Plants which grow in the dark, are white. They show 
their propensity to enjoy the light by leaning, or creeping to- 
wards it. 

15. Plants, growing in the dark, do not absorb, and de- 
compose, but emit carbonic acid, and hence they contain a 
deficiency of carbon. 

I 

VEGE'TABLE ACIDS. 

The vegetable acids are generally less liable to spontane- 
ous decomposition than other vegetable products. They 
form salts when combined with the salifiable bases. Most 
of them are decomposed by hot nitric acid being con- 
verted into carbonic acid and water. All of them suffer de- 
composition when exposed to a red heat. These acids are 
numerous, but a large proportion of them are of little conse- 
quence, and therefore we shall describe only the most usfB- 
ful. 

Acetic Acid — 50. 

4 p. Carbon 24. 3 p. Oxygen 24. 2 p. Hydrogen. 2. 

finegar. 
The acetic acid, or vinegar, exists ready formed in the sap . 

' ' I 

What is said of the 'tendency of vegetable acids to decomposition f ^ 
How may the vegetable' acids be decomposed ? What is the composi* 
tion of acetic acid ? What is the common name of acetic acid .' 
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of some plants, either in a free state, or combined with lime, 
or potash. It may be formed artificially ^either by the ace- 
tous 'fermentation, or by the destructive distillation of wood. 

In the first case, it is made by exposing wine, cider, beer, 
or any other liquid capable of passing through the acetic fer- 
mentation, to the action of the air. This last condition is ab- 
solutely requisite, for no liquid will form vinegar if prevented 
from the access of air, that is from the presence of oxygen. 
The liquid must also be exposed to certain degrees of tem- 
perature, for the acetic fermentation does not proceed, when 
the thermometer is at 32 degrees, and but very slowly when 
it is near this point. 

In this process, little or no gas is evolved, but on the con- 
trary the oxygen of the atmosphere is absorbed, so that the 
liquid undergoes a slow oxidation. 

The vinegar obtained by the distillation of wood is called 
pyroligneotis ctcidj that is, the acid of burned wood. When 
first made, it is very impure, and of a dark colour, holding 
in solution, carbon, soot, tar, and volatile oil, which give it 
a strong smell of smoke. It is purified by a second distilla- 
tion, and is largely employed for manufacturing purposes, 
and particularly in the preparation of white lead. 

The acetic acid is distinguished from all other acids by iti 
peculiar flavor, odor, and volatility. Its salts are called 
acetates. These salts are all of them dec<miposed at a red 
heat, or by the action of sulphuric acid. 

Acetate of Lead — 172. 
1 p. A: Acid 50+1 p. Oxide Lead 112. 

Sugar of Lead. 
This salt is prepared by dissolving either litharge, or white 
lead in distilled vinegar. The solution is sweet to the taste, 
and hence its common name. It occurs in small shining 
crystals, which contain 27 parts, or 3 atoms of water. 
This salt is partially decomposed when abandoned to the ac- 
ts vinegar ever found reeidy formed in plants ? How may this 
acid be formed by art ? What liquids form this acid by fermentation ? 
What conditions are necessary to the production of vinegar by fermen- 
tation? What gas is absorbed from the air by the forming vinegar? 
What is the vinegar from distilled wood called f How is the acetic 
acid distinguished from all other acids ? What is the composition of 
i^tate of lead f What is the common name for acetate of lead t 
How is this salt prepared ? In what manner is this salt decomposed 
when exposed to the air, and what new salt is formed ? 
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tion of the atmosphere. It parts with its water of crystalli- 
zation, and absorbs carbonic acid from the atmosphere, thos 
being changed into a carbonate, or into white lead. We 
ha^e stated in another place, that in the manufacture of whke 
lead, the same change is effected ; the lead being first dis- 
solved by the acetic acid, and afcerwards changed into a car- 
bonate by tlie action of the atmosphere. 

The acetate of lead is largely employed in the processes ot 
colouring, and as a sedative and astringent in surgery. 

Acetate of Copper — 130. 
1 p. Acetic Acid 50+1 p« Oxide of Copper 80. 

Verdigris^ 

This salt may be prepared by exposing metallic copper to 
the vapor of vinegar. The process appears to consist in the 
absorption of oxygen from the atmosphere by the metal, after 
which it is dissolved in the acetic acid. 

Verdigris is manufactured largely in the south of France 
by placing plates of copper between the refuse of grapes af- 
ter the juice is pressed out, for the making of wine. The flu- 
ids which the grapes still contain, pass through tho acetic 
fermentation, by exposure to the atmosphere, and af\er seve- 
ral weeks, the plates acquire a coat of the acetate, which 
being scraped off, they are again exposed to the same pro- 
cess* The acft^te is afterwards purified by solution, and 
crystallizaktion. * 

Oxalic Add — 36. 
'2 p. Carbon 12+3 p. Oxygen 24. 

Add of SorreL 

The oxalic acid exists ready formed in several plants, and 
particularly in the oxaiis acetosella or fffood sorrel, and also in 
common sorrel. It is readily prepared artificially, by digest- 
ing white sugar in five or six times its weight of nitric acid, 
and evaporating the solution to the consistence of synip. On 
cooling, crystals of oxalic acid will be deposited ; but they 
should be purified by solutifn in water, and again crystallized 
by evaporation. 

What are the uses of acetate of lead f What is the compdrati^ of 
Afletate of oopper ? What is the c6mmon name of this salt ? By what 
chemioal process is this salt formed P How is verdiffris made in th«. 
large way ? What is the oxalic acid composed of? In what plants il 
this acid roadj formed ? 

36» 
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Oxalic acid crystallizes in slender, flat prisms, which have 
anexceedingly sour taste, and which in solutionc omhtne with 
the salifiahle bases, and form a class of salts called oxalates. 
These crystals contain half their weight of water of crystalli- 
zation. 

This acid is easily distinguished from all others, by the 
form of its crystals, and by its solution giving, with lime water, 
a white precipitate, which is not dissolved by adding an ex- 
cess of the same acid. Oxalic acid is one of the most prompt 
and fatal poisons known, when taken in large doses. Fatal 
accidents have many times happened, in consequence of mis. 
taking this acid for Epsom salts. 

This acid is .employed by calico printers, for the purpose 
of discharging certain colours. It is also used in families, 
for taking out spots of irbn mould, and other stains. 

The oxalates are none of them of much importance. The 
oxalate of potash, like the acid itself, is sold under the name 
of essential saU of lemons, for removing stains from linen. 

Tartaric Acid — 66. 

4 p. Carbon 24+5 p. Oxygen 40+2 p. Hydrogen 2. 

/ Tartaric Acid. 

Creatn of tartar is the purified lees, or deposites of wine 
casks. From cream of tartar the tartaric acid is procured, 
by mixing the former with chalk in fine powte*) ^nd throwing 
the mixture into boiling water, by which the weam of tartar, 
which is a tartrate of potash, is decomposed, and a tartrate of 
lime is formed. The tartrate of lime is then washed, and de« 
composed by dilute sulphuric acid, which, combining with the 
lime, sets the tartaric acid at liberty, where it remains in so- 
lution. This solution being evaporated, the tartaric acid is 
obtained in white crystals. 

This acid is employed by calico printers, to discharge false 

prints, and by tallow chandlers to whiten their goods. It is 

also used, when dissolved in a large quantity of water, as a 

cooling beverage in the hot season. When mixed with car- 

i , 

How is this acid formed by art f What are the salts called, which 
the salifiable bases form with oxalic acid ? How is this acid distin- 
guished from others P What is said of its poisonous effects ? What 
■are the uses of oxalic acid ? What is the t4U'taric acid composed of? 
What is tlie substance from which tartaric acid is obtained f By what 
process is this acid obtained f What are the uses of tartaric add? 
What occasions the effervescence of soda powders ? 
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I 

bonate of soda in solution, it forms the effervescing draught 
called soda powder, of which large quantities are prepared 
and sold during the summer season. 

The effervescence, the only property which makes this 
drink agreeable, is occasioned by the union of the tartaric 
acid with the soda, in consequence of which the carbonic acid 
is liberated, and in escaping through thA water causes the 
effervescence. 

This acid is remarkable for its power of combining with two 
bases at the same time, and forming double salts. The most 
important of these salts is well known under the name of tar- 
tar emetic. 

Tartrate of Ajntimony and Potash — 354. 

2 p. Tartaric Acid 132+3 p. Protoxide of Antimony 156. 
1 p. Potash 48+2 p. Water 18. 

Tartar Emetic. 

This compound, so singular from the number of contituents 
it contains, is made by boiling the oxide of antimony called 
crocus metalJorumy with tartrate of potash, or cream of 
tartar. 

This salt crystallizes in transparent prisms, which after- 
wards grow white and opako by exposure to the air. It is 
soluble in aboi^j fifleen parts of cold, and three parts of hot 
water. v 

When dissolved in water, the solution gradually undergoes 
spontaneous decomposition, and becomes inert as a medicine. 
This may be prevented by the addition of about one third al- 
cohol to the aqueous solution. This salt is also decomposed 
by many re-agents, as by all the stronger acids, and several 
of the alkalies and alkaline earths, and even by vegetable 
substances. Infusion of nutgalls causes with it a whitish 
precipitate, which is considered a compound of tannin and 
oxide of antimony. This compound is inert, and hence the 
decoction of cinchona bark, as it contains tannin, has been 
given as an antidote to an over dose of tartar emeiic. 

ft. ^ ; 

What is the chemical name of tartar emetic ? What is the compo- 
sition of tartar emetic? How is tartar emetic prepared? What is 
«aid of the decomposition of the aqueous solution of tartar emetic ? 
Hcyw may this decomposition be prevented ? Explain the principle on 
which cinchona, or Pemvian bark, has been given «• an antidote to 
tartar emetic. 
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CUrie Aeid — 68. 
4 p. Carbon 2i4+4 p. Oxygen 32+2 p. Hydrogen 2. 

Salt of Lemons, 

This acid is obtained from the juice of lemons by the same 
process as that described for tartaric acid. Finely powdered 
chalk is added to t\S& juice, as long as any effervescence en* 
sues. The citrate of lime thus formed, is insoluble in water, 
and sinks to the bottom of the vessel. This being washed, 
is digested in dilute sulphuric acid, by which an insoluble 
sulphate of lime is formed, while the citric acid, being thus 
set at liberty, remains in the solution, and on evaporation, is 
obtained in crystals^'' 

These crystals are large, transparent and beautiful. They 
undergo no change by exposure to (he air, are exceedingly 
sour to the taste, but when dissolved in a large proportion of 
water, make an agreeable drink, in consequence of retaining 
the flavour of the lemon. 

This acid forms salts with the salifiable bases, but none ot 
them are of importance. There is a variety of other vegeta- 
ble acids, most of which are of no importance in any respect. 
Some of these have been analyzed, while the composition 
of others are unknown. VTe may however conclude by 
analogy, that they are all composed of oxygen, carbon, and 
hydrogen in different proportions. 

ComposUum and Analysis of Vegetable Substances* 

Whep vegetable substances are submitted to destructive 
distillation, the carbon, oxygen and hydrogen of which they 
are composed, enter into new combinations, and there is ob- 
tained a variety of products, which differ from each other, 
according to the nature of the vegetables, and the mode of 
distillation. In general, these products are tDcUer, pyroligne' 
ous acidf emppreumatic, or burnt oUy carbonic acidy and ctW' 
buretted hydrogen. If the vegetable contains nitrogenj a 
quantity of ammonia will be formed, and in either case, there 
will remain in the retort, a quantity of charcoal, with a small 
portion of earthy and saline matter. 

What U citric acid composed of? What is the common name of 

. this acid ? How is citric acid obtained ? What is the use of citric acid? 

What are the new products into which ve^retables are resolved, by de» 

structive distillation ? How may these new arrangements of the ele* 

ments of vegetables be accounted for ? 
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These several products are all composed of the same ulti- 
timate principles, but are newly arranged and combined in 
different proportions. The new arrangements may readily 
be accounted for, from the circumstance, that the sevend 
elements being in contact with each other in the retort, are 
at full liberty to exercise their affinities, and to combine ac« 
cordingly. 

The composition of the new products named above, will 
show that they consist only of the old elements differently 
combined. Thus water is composed of oxygen and hydrogen* 
Pyroligneous acid consists of hydrogen, carbon and oxygen ; 
empyreumatic oil of carhonj hydrogen andr oxygen ; carbonic 
acid of carbon and oxygen ; carbureUed hydrogen of carbon 
and hydrogen, and ammonia consists o£ nitrogen and hydrogen* 
With the exception of ammonia, therefore, these several pro- 
ducts are constituted of only three elements, their difference 
beiifg the result of the different proportions in which they 
combine, or in two instances, 6f the absence of an element. 

On subjecting different vegetables to ultimate analysis, by 
destructive distillation, it has been found that the products 
which result from the different combinations of oxygen and 
hydrogen are as follows. 

A vegetable substance is always acid, when the oxygen 
which it contains is to the hydrogen in a proportion greater 
than is necessary to form water, or where there is an excess 
of oxygen. 

A vegetable substance is resinous, oily, or alcoholic, when 
the oxygen is to the hydrogen in a less proportion, than in 
water, or where there is an excess of hydrogen. 

A vegetable substance is neither acid, nor resinous, but 
saccharine, or mucilaginous, when the oxygen and hydrogen 
are in the same relative proportions as in water, or where 
there is no excess of either oxygen or hydrogen. 

In oil, resin, alcohol, sugar, and mucilage, there is a quan- 
tity of carbon, in addition to the oxygen and hydrogen. 

What are the elements of the several compounds obtained by the 
destructive distillation of vegetables ? In a vegetable acid, is the pro* 
portion of oxygen greater or less than is necessary to form water f 
What vegetable sutotances are formed when there is an excess of hy« 
drogen ? In what proportions are the hydrogen and oxygen in sao- 
oharine, and mucilaginous substances ? 
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Ingredients of Plants. 

The ingredients of plants are distinct substances, formed 
by their secreting organs, and separable from each other with- 
out destructive distillation. They are separated by certain 
solvents, which have the power of dissolving some, but not 
others. Thus water dissolves the gum, but not the resio, 
while alcohol takes up^the resin and leaves the gum. The 
solvents employed foi; these purposes, are hot, and cold wa- 
ter, ether, alcohol, and some of the acids. 

The following are the principal ingredients, or what are 
called the proximate principles of plants ; viz. 

Gum Fixed oil 

Sugar Volatile oil 

Starch Camphor 

Gluten Resins 

Extractive Narcotine 

Lignum Bitumen 

Tannin Vegetable Alkalies 

Colouring matter Vegetable Acids. 

VTax. 
We shall examine the properties of only the most i!mpoitant 
of these principles. ^ 

Crum, 

Gum Arabic may be taken as an example of pure ^qpi. 
It dissolves in water, with t^hich it forms a viscid solution, or 
mucilage, from which it may be obtained in its original state, 
by spontaneous evaporation. It is insoluble in alcohol, or 
ether, the former precipitating it from the watery solution' in 
the form of white flakes. Gum is decomposed by sulphurio 
and nitric acids. By the former, it is resolved into water, 
acetous acid and charcoal ; the latter produces with it oxalic 
and malic acid. When gum is submitted to destructive distil- 
lation, it affords water, carbonic acid, carburetted hydrogen, 
empyreumatic oil, and acetic acid. 



What are the ingredients of plants ? How are the ingredients of 
plants separated from each other ? What are the principal ingredients 
or proziinate principles of plants ? Jn what liquid is gum solable ? In- 
to what substances is gum resolved by sulphuric acid ? What are tho 
products of gum, when submitted to destructive distillation ? 
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I 

Sugar. 

Sugar is chiefly obtained from the sugar cane, a plant which 
grows in hot ch\nates, and which yields it in a larger proper- 
tion, than any other substance. It is also procured from the 
sugar maple, by boiling down the sap which flows from inci- 
sions made in the tree ; and from several roots, particukirly 
the beet, from which large quantities are made in France. ' 

In the manufacture of sugar from the cane, the first process 
consists in obtaining the juice, which is done by grinding and 
pressure. This is then evaporated by a gentle heat, during 
which a quantity of lime is added, partly for the purpose of 
neutralizing any free acid, and partly for the purpose of 
separating extractive matter, which unites with the linie, and 
forms a scum on the surface of the liquid. The evaporation 
is continued until it acquires the consistence of syrup, when 
it is transferred into wooden coolers, where a portion con- 
cretes into a crystalline mass, and in this state forms what is 
called muscovado or raw' siigar. It is then placed in vessels 
with apertures in the bottoms, where the more fluid parts 
drain oflT, and form the well known sweet S3rrup, molasses. 

Raw sugar is refined by the following process. The su- 
gar being dissolved in water, is mixed with the whites of 
^ggs? or the serum of blood, and boiled. The albumen or 
serum is thus coagulated by the heat, and rising to the surface, 
brings with it such impurities, as the sugar contained, which 
are removed by a skimmer. When the syrup is judged to 
be sufliciently clear, it is placed in smaller pans, and further 
concentrated by boiling, and then transferred into coolers, 
where it is agitated with wooden oars, until it appears thick 
and granulated. It now becomes white, and tiie crystals 
being broken by the agitation, facilitates the draining ofl* of 
the coloured matter which remains. 

It is next placed in conical cups of earthen Ware, of the 
well known form called sugar loaf. These, havmg apeir- 
tures at the bottom, a portion of molasses drains oflT, leaving 
the sugar much whiter than before. Lastly, a quantity of 
pipe clay is mixed with water to the consistence of cream, 

What are the principal vegetables from which sugar is obtained ? 
What is the process by which sugar is extracted from sugar cane ? 
Why is lime added to the juice of the cane when boiling.^ What is 
muscovado sugar ? How is molasses obtained ? How is raw sugar 
refined f What is the use of the albumen and serum used in this pro- 
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a^d poured on the loaves to the thickness of an inch. Hie 
water from this slowly percolates through the loayes, and 
washes all remains of the colouring matter from the sugar. 
The loaves are then dried by heat, and put up in papers for 
sale. 

Refined sugar undergoes no change when, exposed to the 
air, the dampness of raw sugar being caused by imparities. 

Sugar is decomposed by the sulphuric and nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon and hydrogen. 

Starch. 

Starch is an abundant principle in the. vegetable kingdom, 
being one of the chief ingredients in most sorts of grain, tod 
in many roots and seeds. The process for obtaining starch 
consists in diffusing the powdered grain or rasped root in 
pure cold water, by which the water is rendered white and 
turbid. Afler some hours, the grosser parts, which in wheat 
consist chiefly of gluten, are separated by straining, and the 
water which passes through, being placed in shallow vessels, 
deposites the starch, on standing. It is afterwards washed 
and dried with a gentle heat. 

If starch be boiled for a considerable time in water con. 
taiaing about a twelflh of its weight of sulphuric acid, it is 
converted into sugar. By careful analysis, it has been foand, 
that the only difference between the composition of starch 
and sugar, is that the starch contains less hydrogen and oxy- 
gen, in proportion to the carbon, than sugar. How the acid 
acts to convert the starch into sugar, has not been satisfactori- 
ly explained. During the germination of seeds, a similar 
change is effected, the starch being in part converted into 
sugar. / 

The princpal varieties of starch, are arrow-root, potatoe 
starch, sago, .tapioca> cassava, salop, and the starch of 
wheat. 

Ghaen. 

Gluten may be obtained from wheat flour, by forming it 
into a paste, with cold water, and continuing to wash this 



How is the sugar purified and whitened after it is placed in the ooa- 
iffil cups ? What is said of the abundance of starch in the vegetable 
kingdom ? What is the process for obtaining starch ? How may starch 
be converted into sugar f What is the difference between the compo- 
eition of starch and sugar ? What aro the principal varieties of itardi ? 
How may gluten be obtained ? 
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paste under a stream of the same fluid, as long as any thing 
is carried away. The starch being thus remoTed, a tough 
elastic substance, of a grey colour, will remain, which is 
gluten. 

This substance has no taste, and is insoluble in water, 
alcohol, or ether, but is soluble in alkalies and acids. If 
leil to undergo the putrefactive fermentation it emits an 
oflensive odor similar to animal substances, and from this 
circumstance it is apparent that it contains nitrogen, which 
indeed is proved by its yielding ammonia at a red heat* 

Of all substances, wheat contains the greatest proportion 
of gluten, and it is owing to this circumstance that wheat 
Hour is more nourishing than that of other grain, gluten be* 
ing the most nutritive of all vegetable substances. It is also 
owing to the presence of this substance in the flour, that the 
dough is tenacious, and the bread spongy, or light, the car* 
bonic acid formed during the fermentation of the dough, 
being detained by the gluten, in consequence of which, the 
whole mass is distended, with babbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the 
remainder being principally starch. 

Extraetive Matter. 

Most vegetables, when infused for a time in hot water, 
impart to it a brown colour. When such solutions are 
evaporated, there remains a solid substance of a brownish, or 
sometimes of a yellowish colour, which is extriictive matter. 

Extracts are prepared by apothecaries as a means of 
concentrating the virtues of plants for medicinal purposes. 
These extracts not only contain the proper extractive matter, 
but several foreign substances also, such as resin, colouring 
matter, oil, &c. 

Colouring Matter. 

The colouring matter of vegetables is chiefly red, blue, 
green, yellow, or mixtures of these colours. Nearly all 
vegetable colours are discharged by the continued action of 

What if the appearance of glaten ? What an lome of the proper- 
ties of glatenf Why is wheat floor said to be more nourishing than 
that of other grain? In what manner does the gluten in the dough 




27 
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aod poured on the loaves to the thickness of an inch. The 
water from this slowly percolates through the loaves, and 
washes all remains of the colouring matter from the sugar. 
The loaves are then dried by heat, and put up in pajpers for 
sale. 

Refined sugar undergoes no change when^ exposed to the 
air, the dampness of raw sugar being caused by impurities. 

Sugar is decomposed by the sulphuric and nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon and hydrogen. 

Starch. 

Starch is an abundant principle in the* vegetable kingdom, 
being one of the chief ingredients in most sorts of grain, tod 
in many roots and seeds. The process for obtaining starch 
consists in difiusing the powdered grain or rasped root in 
pure cold water, by which the water is rendered white and 
turbid. Ader some hours, the grosser parts, which in wheat 
consist chiefly of gluten, are separated by straining, and the 
water which passes through, being placed in shallow vessels, 
deposites the starch, on standing. It is aflerwards washed 
and dried with a gentle heat. 

If starch be boiled for a considerable time in water con- 
taining about a twelflh of its weight of sulphuric acid, it is 
converted into sugar. By careful analysis, it has been fbund, 
that the only difference between the composition of starch 
and sugar, is that the starch contains less hydrogen and oxy- 
- gen, in proportion to the carbon, than sugar. How the acid 
acts to convert the starch into sugar, has not been satisfactori- 
ly explained. During the germination of seeds, a similar 
change is effected, the starch being in part converted into 
sugar. 

The princpal varieties of starch, are arrow-root, potatoe 
starch, sago, .tapioca, cassava, salop, and the starch of 
wheat. 

Ghaen. 

Gluten may be obtained from wheat flour, by forming it 
into a paste, with cold water, and continuing to wash this 

How is the sngu purified and whitened afUr it is placed in the con- 
if^ cups? What is said of the abundance of starch in the vegetable 
kingdom ? What is the process for obtaining starch ? How may starch 
be converted into sugar ? What is the difference between the compo- 
sition of starch and sugar ? What ajre the principal varieties of stardi ? 
How may gluten be obtained ? 
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paste under a stream of the same fluid, as long as any tfaing 
is carried away. The starch being thus removed, a tough 
elastic substance, of a grey colour, will remain, which is 
gluten. 

This substance has no taste, and is insoluble in water, 
alcohol, or ether, but is soluble in alkalies and acids. If 
left to undergo the putrefactive fermentation it emits an 
offensive odor similar to animal substances, and from this 
circumstance it is apparent that it contains nitrogen, which 
indeed is proved by its yielding ammonia at a red heat* 

Of all substances, wheat contains the greatest proportion 
of gluten, and it is owing to this circumstance that wheat 
flour is more nourishing than that of other grain, gluten be* 
ing the most nutritive of all vegetable substances. It is also 
owing to the presence of this substance in the flour, that the 
dough is tenacious, and the bread spongy, or light, the car- 
bonic acid formed during the fermentation of the dough, 
being detained by the gluten, in consequence of which, the 
whole mass is distended, with babbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the 
remainder being principally starch. 

ExiraeHve Matter. 

Most vegetables, when infused for a time in hot water, 
impart to it a brown colour. When such solutions are 
evaporated, there remains a solid substance of a brownish, or 
sometimes of a yellowish colour, which is extractwe matter. 

Extracts are prepared by apothecaries as a means of 
concentrating the virtues of plants for medicinal purposes. 
These extracts not only contain the proper extractive matter, 
but several foreign substances also, such as resin, colouring 
matter, oil, &c. 

Colouring Mattier. 

The colouring matter of vegetables is chiefly red, blue, 
green, yellow, or mixtures of these colours. Nearly all 
vegetable colours are discharged by the continued action of 

What if the appearance of glaten ? What are lome of the proper- 
ties of g^laten? Why is wheat floar aaid to be more nourishing than 
thai of other grain? In what manner does the gluten in the dou|^ 
produce the sponginess of the bread ? What is extractive matter f 
What are the principal tints of the eolouriB|[ matter of vegetablps > 
What efect does light have on thseolottriDf pnaeiple of vsg^ttbles? 

27 
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and poared on the loaves to the thickness of an inch. Hie 
water from this slowly percolates through the loaves, and 
washes all remains of the colouring matter from the sugar. 
The loaves are then dried hy heat, and put up in papers for 
sale. 

Refined sugar undergoes no change when^ exposed to the 
air, the dampness of raw sugar being caused by imparities. 

Sugar is decomposed by the sulphuric and nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon and hydrogen. 

Starch, 

Starch is an abundant principle in the .vegetable kingdom, 
heing one of the chief ingredients in most sorts of grain, tod 
in many roots and seeds. The process for obtaining starch 
consists in diffusing the powdered grain or rasped root in 
pure cold water, by which the water is rendered white and 
turbid. Afler some hours, the grosser parts, which in wheat 
consist chiefly of gluten, are separated by straining, and the 
water which passes through, being placed in shallow vessels, 
deposites the starch, on standing. It is afterwards washed 
and dried with a gentle heat. 

If starch be boiled for a considerable time in water con- 
taining about a twelflh of its weight of sulphuric acid, it is 
converted into sugar. By careful analysis, it has been found, 
that the only difference between the composition of starch 
and sugar, is that the starch contains less hydrogen and oxy- 
gen, in proportion to the carbon, than sugar. How the acid 
acts to convert the starch into sugar, has not heen satisfactori- 
ly explained. During the germination of seeds, a similar 
change is effected, the starch being in part converted into 
sugar. 

The princpal varieties of starch, are arrow-root, potatoe 
starch, sago, .tapioca, cassava, salop, and the starch of 
wheat. 

Gluten. 

Gluten may he obtained from wheat flour, hy forming it 
into a paste, with cold water, and continuing to wash this 



How is the sugar purified and whitened afUr it is placed in the con- 
ilfl cups? What is said of the abundance of starch in the vegetable 
kingdom f What is the process for obtaining starch ? How may starch 
be converted into sugar ? What is the difference between the comp<^ 
sition of starch and sugar ? What are the principal varietiaa of starch ? 
How may gluten be obtainod f 



GOLOVBIXO XATTSB. 3p9 

paste under « stream of the same fluid, as long as any Hiing 
is carried away. The starch being thus removed, a lough 
elastic substance, of a grey colour, will remain, which is 
gluten. 

This substance has no taste, and is insoluble in water, 
alcohol, or ether, but is soluble in alkalies and acids. If 
left to undergo the putrefactive fermentation it emits an 
ofiensive odor similar to animal substances, and from this 
circumstance it is apparent that it contains nitrogen, which 
indeed is proved by its yielding ammonia at a red heat* 

Of all substances, wheat contains the greatest proportion 
of gluten, and it is owing to this circumstance that wheat 
flour is more nourishing than that of other grain, gluten be* 
ing the most nutritive of all vegetable substances. It is also 
owing to the presence of this substance in the flour, that the 
dough is tenacious, and the bread spongy, or light, the car- 
bonic acid formed during the fermentation of the dough, 
being detained by the gluten, in consequence of which, the 
whole mass is distended, with babbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the 
remainder being principally starch. 

ExtraeHve Matter, 

Most vegetables, when infused for a time in hot water, 
impart to it a brown colour. When such solutions are 
evaporated, there remains a solid substance of a brownish, or 
sometimes of a yellowish colour, which is extractive matter. 

Extracts are prepared by apothecaries as a means of 
concentrating the virtues of plants for medicinal purposes. 
These extracts not only contain the proper extractive matter, 
but several foreign substances also, such as resin, colouring 
matter, oil, dz;c. 

Cciouring Matter* 

The colouring matter of vegetables is chiefly red, blue, 
green, yellow, or mixtures of these colours. Nearly all 
vegetable colours are discharged by the continued action of 

What is the appearance of glaten ? What ure some of the proper- 
tiee of glaten? Wh^ is wheat floar said to be more nourishing than 
thai of other grain ? In what manner does the gluten in the dough 
produce the sponginess of the bread ? What is extractive matter ? 
What are the principal tints of the colouring matter of vegetablfs > 
What efecl does ligat have on Uis eoloittin|^ priaeiple of vegetables? 

27 
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and poured on the loaves to the thickness of an inch. The 
water from this slowly percolates through the loaves, and 
washes all remains of the colouring matter from the sugar. 
The loaves are then dried by heat, and put up in papers for 
sale. 

Refined sugar undergoes no change when^ exposed to the 
air, the dampness of raw sugar being caused' by impurities. 

Sugar is decomposed by the sulphuric and nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon and hydrogen. 

Starch. 

Starch is an abundant principle in the .vegetable kingdom, 
being one of the chief ingredients in most sorts of grain, tod 
in many roots and seeds. The process for obtaining starch 
Copsists in diffusing the powdered grain or rasped root in 
pure cold water, by which the water is rendered white and 
turbid. After some hours, the grosser parts, which in wheat 
consist chiefly of gluten, are separated by straining, and the 
water which passes through, being placed in shallow vessels, 
deposites the starch, on standing. It is afterwards washed 
and dried with a gentle heat. 

If starch be boiled for a considerable time in water con- 
taining about a twelflh of its weight of sulphuric acid, it is 
converted into sugar. By careful analysis, it has been found, 
that the only difference between the composition of starch 
and sugar, is that the starch contains less hydrogen and oxy- 
gen, in proportion to the carbon, than sugar. How the acid 
acts to convert the starch into sugar, has not been satisfactori- 
ly explained. During the germination of seeds, a similar 
change is effected, the starch being in part converted into 
sugar. / 

The princpal varieties of starch, are arrow-root, potatoe 
starch, sago, ,tapioca> cassava, salop, and the starch of 
wheat. 

(jRuten. 

Gluten may be obtained from wheat flour, by forming it 
into a paste, with cold water, and continuing to wash ^aa 



How is the sugar purified and whitened after it is placed in the coii- 
iffd cups? What is said of the abundance of starch in the vegetable 
kingdom ? What is the process for obtaining starch ? How may starch 
be converted into sugar f What is the difference between the compo- 
eition of starch and sugar ? What are the principal varieties of stardi ? 
How may gluten be obtained f 
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paste under a stream of the iame fluid, as long as any diing 
is carried away. The starch being thus removed, a tough 
elastic substance, of a grey colour, will remain, which is 
gluten. 

This substance has no taste, and is insoluble in water, 
alcohol, or ether, but is soluble in alkalies and acids. If 
left to undergo the putrefactive fermentation it emits an 
offensive odor similar to animal substances, and from this 
circumstance it is apparent that it contains nitrogen, which 
indeed is proved by its yielding ammonia at a red heat* 

Of all substances, wheat contains the greatest proportion 
of gluten, and it is owing to this circumstance that wheat 
flour is more nourishing than that of other grain, gluten be* 
ing the most nutritfVe of all vegetable substances. It is also 
owing to the presence of this substance in the flour, that the 
dough is tenacious, and the bread spongy, or light, the car- 
bonic acid formed during the fermentation of the dough, 
being detained by the gluten, in consequence of which, the 
whole mass is distended, with babbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the 
remainder being principally starch. 

ExiraeHve Matter. 

Most vegetables, when infused for a time in hot water, 
impart to it a brown colour. When such solutions are 
evaporated, there remains a solid substance of a brownish, or 
sometimes of a yellowish colour, which is extractive matter. 

Extracts are prepared by apothecaries as a means of 
concentrating the virtues of plants for medicinal purposes. 
These extracts not only contain the proper extractive matter, 
but several foreign substances also, such as resin, colouring 
matter, oil, &c. 

Colouring Matter* 

The colouring matter of vegetables is chiefly red, blue, 
green, yellow, or mixtures of these colours. Nearly all 
vegetable colours are discharged by the continued action of 
- ■ ' — - ■ ■ ^ II I 

Whftt if the appeannca of glaten ? What are some of the proper- 
ties of glttten? Why is wheat flour laid to be more nourishing than 
that of other gninf In what manner does the gluten in the dou|^ 
produce the sponginess of the bread ? What is extractive matter ? 
What are the principal tints of the colouriB|^ matter of vegetables ? 
What eiBTect does ligat have oa the ooloorlng pnaciple of vegitablts? 
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f ht, and without excepttcm they are all destroyed by the 
action of chlorine. 

Acids and alkalies either destroy, or change the tints of 
vegetable colours. 

The extraction of the colouring principles, and the trans- 
fer of them to different substances, constitutes the €irt of 
d^ngf an art which, in the succession of ages, has been 
carried to a high degree of' perfection* This art has been 
practised from the remotest antiquity ; for the history of man 
informs us, that from the king on the throne, to the savage 
in the wilderness, all have ever been fond of decorating 
themselves in a variety of colours. 

Colours have been divided into suhstaaiive and adjective. 
Substantive colours are such as do not require the interven- 
tion of any other substance to fix them permanently, their 
attraction for the cloth being sufficient for this purpose. 
Adjective colours require the intervention of some substance, 
which has an affinity both for the colouring matter and the 
stuff to be dyed. This intervening substance is called a 
mordani. The mordant generally consists of a metallic salt 
dissolved in water with which the cloth is impregnated, after 
which it is passed through the solution of colouring matter. 
The mordants most commonly employed, are muriate of tin, 
sulphate ofir(m, acetate oj iron, and sidphate of alumine. 

Different mordants arc used for different colours, and dif- 
ferent kinds of cloth. Thus black is made with sulphate of 
iron, nut galls, and logwood. YeHow^ with alum, fustic and 
saffron ; red, of cochineal, madder, red wood, or archil, with 
muriate of tin, or sulphate of alumine for a mordant. Blue 
is made with indigo, 6ic. 

Tannin. 

9 

Tannin is the substance, by the absorption of which, the 
skins of animals are converted into leather. This substance 
is contained abundantly in nut galls, in the bark of many 
trees, particularly the oak, hemlock, and birch, and in most 
vegetable substances which are astringent to the taste. 

Tannin may be obtained from any of these substances, 
by first bruising the article, and then digesting it in a small 

— ■■■■■' T ■ ' ■ I ■ ■ I , — I . . , I , , , . ^ 

What are the effects of ohlorine on these colours ? What coAStitatas 
the art of dyeing ? How are colours diyided ? What are sabstanttve 
colours ? What are adjective colours ? What are mordante in eol- 
ouring ?^ What are the principal substances used as mordants ? What 
is tannin f W hat are the principal substancet which o<mtaiA taouin ? 
How may^ tannin be obtained? 
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quantity of cold water, and afterwards evaporating the" 
water. This substance is of a yellowish brown colour, ex- 
tremely astringent to the taste, and soluble in water, and 
diluted alcohol. 

Tannin is. distinguished by its aiTording an insoluble pre- 
cipitate with isinglass, or any other animal jelly. It is on 
this principle that the art of tanning leather is founded. The 
hides are laid in vats, and between them there is thrown a 
layer of oak, or other bark, which contains tannin, in coarse 
powder. The tannin of the bark, is first dissolved by the 
water, and afterwards combines with the leather, by which 
it is rendered hard, and nearly impervious to water. 

Vegetable Oils. 

The vegetable oils are of two kinds. Fixed and Volatile, 

Fixed Otis, These are found only in the seeds of plants, 
and chiefly in such as have two cot3'^]edons, such as almonds, 
linseed, walnuts, and rapeseed. The oil of olives, however, 
is extracted from the pulp, which surrounds the kernel. 

The fixed oils are obtained by crushing, or bruising the 
seed, and subsequent pressure. They are viscid, nearly in- 
sipid, and inodorous, and generally congeal at a temperature 
considerably higher than 32 degrees. 

The fixed oils, with a few exceptions, undergo little other 
change by exposure to the air, than those of growing more 
viscid and acquiring a degree of rancidity. The latter 
change is owing to the absorption of oxygen, for rancid oils 
redden vegetable blues, showing that they contain a quantity 
of free acid. 

The absorption of oxgyen, by some of the fixed oils, and 
particularly by those of linseed and rapeseed is sometimes 
so abundant, and rapid, as to set fire to light porous substan- 
ces on which they are spread. 

These are called cases of spontaneous combustion, and in 
many instances where these oils have been suffered, either 
by accident or otherwise, to come in contact with cotton wool, 
or cotton cloth, destructive fires have been the consequence. 

The alkalies combine with the fixed oils, and form soap 
■ I ■ ■ I . I, » 

How ifi tannin distinguished ? On what principle is the tanning of 
leather founded ? What are the two kinds of vegetable oils P In what 
parts of plants are the fixed oils found ? How are the fixed oils ob- 
tained ? What changes do these oils undergo hy exposure to the air ? 
What causes oils to become rancid ? In what manner do these oili 
fometimefl produce spontaneous combustion ? 
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The composition of all these oils is carbon, and hydrogen, 
and oxygen. 

VoUkiUe Oils* Plants and flowers owe their odor and fla* 
Tor to volatile, or es$eniidl oils. These oils are obtained by 
distilling the plants which contain them with water. The wa- 
ter prevents the plant from being burned. Both pass into 
the receiver from the still, where the oil is found either at the 
bottom, or on the surface, as its density is greater or less than 
water. Some fruits, however, yield essential oil by pressure ; 
such are the orange, the lemon, and the bergamot, which 
contain it in vesicles in the rind of the fruit. 

The odor of the essential oils is aromatic, and their taste 
penetrating. They consist of the odoriferous principle by 
which plants are distinguished from each other in a concen- 
trated state. These oils are soluble in alcohol, and very 
sparingly so in water. When dissolved in the former, they 
constitute essences, a great variety of which are manufacture 
ed, particularly in Paris, and sold as perfumes in most parts of 
the world. 

All the volatile oils when pure, pass away by evaporation. 
Hence a good test of the purity of these oils is to let a drop 
fall on paper, and if an oily spot is lefl after warming the 
paper, the essential oil has been adulterated by some fixed 
oil. 

The essential oils bum with a clear, white light, and the 
only products of their combustion is water and carbonic acid. 
Hence these oils are composed solely of carbon and hydro- 
gen, the water and carbonic acid being formed by the ab- 
sorption of oxygen to support the combustion. 

Resins, 

The resins are peculiar substances which exude from cer- 
tain trees, or plants, or are contained in their juices. They 
commonly contain a portion of the essential oil of the plant. 
They are solid at common temperatures, and when rubbed, 
show signs of electrical excitement. Their colours are yel- 
low, reddish, and white, and most of them are translucent, or 
transparent. 

The resins are soluble in alcohol, ether, and the essential 

What are the resini ? In what liquids are the resins soluble ? 
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oils, but lire precipitated by water in which they are entirely 
insoluble. They tire dissolved and at the same time decom- 
posed by the sulphuric acid, with evolution of sulphurous acid 
gas, and the deposition of charcoal. 

The principal resins are, common resin, gum copal, lac, 
mastick, elemi, and dragons blood. Common resin called 
rosin, is what remains afler the distillation of spirit of turpen- 
tine. The turpentine itself is obtained by making incisions 
in the fir tree, from which it exudes. This consists of resin, 
and the oil of turpentine, which arc separated by distillation. 

The uses of many of the resins are well known. Sealing 
wax is made of lac, turpentine, and common resin. Copal 
and elemi, when dissolved in spirit of turpentine, or alcohol 
form varnishes. 

Fermentation. 

Fermentation consists in a spontaneous exercise of chemi- 
cal affinity, in a vegetable substance, or solution, in conse- 
quence of which its properties are materially, or totally 
changed. 

There^are several kinds of fermentation, the names of which 
' indicate the products formed. These are the saccharine, 
the vinoiLS, the acetic^ and the putrefactive. 

The product of the first, is sugar, that of the second, wtne, 
that of the third, vinegar, while the fourth results in the total 
decomposition of all vegetable matter, and the destruction of 
every useful product. 

Saccharine Fermentation, The germination of seeds, and 
the malting of barley are instances of the saccharine fer- 
mentation, the farinaceous, being converted into saccharine 
matter, or sugar. 

Vinous Fermentation. This, by the generality of mankind, 
is considered the most important of all fermentations, since 
from the days of Noah and Alexander to the present time, its 
product has been employed, either to heighten the pleasures — 
or as an antidote to the cares, of this poor life. 

Wine, as well as all other intoxicating liquors are produced 
only by the vinous fermentation ; a process by which alcohol 
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talion ? What -are the diflferent kinds of fermentation ? What is the 
product of the saccharine fermentation ^ What the product of the 
vinous? 

27» 
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18 formed. There are four conditions necessary to the success 
of this process. These are the presence of water, sugar, and 
yeast, in mixture, and a temperature between 60 and 70 de- 
grees. Or, instead of yeast and sugar, saccharine matter, and 
starch, or the sweet juices of fruits. These conditions being 
united, there succeeds a brisk, intestine motion, attended with 
the escape of carbonic acid gas in abundance, and at the same 
time the transparency of the fluid is diminished by the rising 
of opaque jfilaments, the whole being attended with an eleva. 
tion of temperature. When these phenomena cease, the 
liquor is found to have lost its sweet, mucilaginous taste, and 
to have acquired some degree of acidity, with a brisk penetra- 
ting flavor, and the power of producing intoxication. 

In respect to the chemical changes which take place du- 
ring this process^ it is found that after the fermentation the 
sugar has entirely disappeared, and that it is replaced by a 
quantity of alcohol, none of which existed in the liquid before 
the process. Hence sugar is converted into alcohol by the 
vinous fermentation. But the weight of the alcohol is never 
equal to the weight of sugar employed, by nearly one half. 
This loss is accounted for by the escape of the carbon and 
oxygen of the sugar, in the form of carbonic acid. When 
the process is conducted in such a manner that the quantity 
of carbonic acid can be retained and weighed, it is found to 
correspond precisely with the loss of the alcohol, that is, the 
combined weight of the acid and alcohol are equal to that of 
the sugar. This may be made apparent thus. Sugar and 
alcohol are composed of 

Sugar. Alcohol. 

3 proportions of carbon 18 2 prop, carbon 12 

3 do. of hydrogen 3 3 do. hydrogen 3 

3 do. of oxygen 24 1 do. oxygen 8 

45 • 23 

This shows a loss of one proportion of carbon and two 
proportions of oxygen from the sugar, the. alcohol contain- 

What the product of the acetic ^ What are the results of the pn- 
trefactire fermentation ? What changes do seeds and barley undergo 
by germination and malting ? What are the four conditions necessaiy 
to induce the vinous fermentation ? What gas escapes during this fer- 
mentation P What becomes of the sugar during the vinous fermenta- 
tion f Is the weight of alcohol formed, equal to the weight of sugar 
employed P What becomes of the deficiency ? What is the composi- 
tion of sugar ? What is the composition of alcohol ? How does it ap- 
pear that the loss from the sugar esoapev in the form of carbonic acid ? 
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log only two parts of carbon and one of oxygen, while the 
sugar contained three of carbon and three of oxygen, the 
proportion of hydrogen being the same in both. The differ- 
ence between the number for sugar and that for alcohol is 
therefore 22. Now we have seen that carbonic acid is com. 
posed of one proportion or atom of carbon 6, and two pro* 
portions or atoms of oxygen 16, and these two numbers 
make the precise quantity of carbon and oxygen lost by the 
sugar, and which is not contained in the alcohol. There- 
fore, 45 parts of sugar produce by fermentation, 23 parts of 
alcohol, which is found in the fermented liquor, and 22 
parts of carbonic acid gas which escapes. 

This investigation, while it affords a beautiful illustration 
of the doctrine of definite proportions, demonstrates that 
nothing is lost by a new arrangement, or interchange of ele- 
ments. 

It is believed that the vinous fermentation never takes 
place without the presence of sugar, the elements of this 
ingredient, as shown above, furnishing by decomposition 
those of the alcohol. In cases where substances which con- 
tain no sugar are known to produce alcohol without the ad- 
dition of this ingredient, the process is explained by the sup- 
position that the starch which these substances contain, is 
converted into sugar by the saccharine fermentation. It is 
well known that potatoes, which contain little, or no sugar, 
yield a large quantity of alcohol by fermentation. But po- 
tatoes contain a large proportion of starch, which entirely 
disappears during the process, being first converted into su- 
gar and then into alcohol. 

Alcohol. 

When a liquor which has passed through the vinous fer- 
mentation is distilled, there rises from it a fluid having much 
more highly intoxicating powers than the fermented liquor 
from which it is obtained. This liquor has a sharp penetra- 
ting taste, and iBetains the flavor and odor of the fermenteci 
liquor, from which it is distilled. The fluid so obtained is 
cdcohol mixed with water, and containing a portion of the 
essential oil peculiar to the vegetable which formed the fer- 



Does the vinous fermentation ever take place, without the presence 
of sugar ? How is the process explained in cases where alcohol is 
formed by substances containing no sugar, as in potatoes ^ How are 
•piritous liquors obtained ? 
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mentative solution, and which gives it flavor. Thus, branfy^ 
rum and whiskep, have each a flavor of their own, which 
arises from this circumstance* Th,e8e are called tpiril€u» 
liquors. 

When a spiritous liquor is distilled, the alcohol is obtain* 
ed in a state of much greater purity, the oil which it con- 
tained and most of the water being le^ in the retort, or stiU. 
In this state it is colourless, highly inflammable, — ^produces 
cold by evaporation, and occasions a considerable augmen- 
tation of temperature by admixture with water. 

Common alpoJvol contains a portion of water, and has a 
specific of from 650, to 875, water being 1000. It may be 
further purified, or freed from water, by adding to it warm 
carbonate of potash, or muriate of lime, which combines 
with the water, and sinks to the bottom of th$ vessel, after 
which the alcohol may be poured off. Very pure alcohol 
may also be procured, by putting it into a bladder, which 
being suspended in a warm place, the water will slowly pass 
through the coats, while the pure alcohol is retained. The 
strongest alcohol which can be procured by either of these 
methods, has a specific gravity of 800, or 796, at the tem- 
perature of 60°. 

Pure alcohol has never been frozen, though exposed to 
the lowest temperatures which art has ever produced. It is 
a powerful solvent, being capable of dissolving camphor, 
resins, soap, volatile oils, sugar, balsam, dz;c. 

Pure alcohol has precisely the same properties, from what- 
ever substances it is obtained. 

Ether. 

The name ether was originally applied to a highly fragrant 
and volatile liquid, obtained by the distillation of alcohol 
with sulphuric acid. But it has been found that the same 
substance when distilled with other acids, affords a liquid 
possessing in some respects similar properties, and therefore 
these compounds are now distinguished by prefixing the 
name of the acid employed. 




pure alcohol on distillation f What is the specific gravity 
alcohol f How may pare, alcohol be obtained f What is the specifie 
|rravity of the purest akohol? What is said of the freexini^ of pim 
alcohol ? What b said of the solvent powers of alcohol i How is 
ether obtained f 
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Sulphuric Ether. To make sulphuric edier, pour into a 
tubulated retort a certain quantity of alcohol by weight, and 
add, in small portions at a time, the same weight of strong 
sulphuric acid, allowing the mixture to cool after each ad<H- 
tion. Then connect the retort with a receiver, and by means 
of a lamp make the mixture boil. The receiver must be kepi 
cold by the application of ice, or wet cloths. The ether 
will pass over and be condensed in the receiver* The ether 
thus obtained, contains a portion of alcohol, and commonly a 
little sulphuric acid, from which it is purified by agitation 
with potash, and re-distillation. 

In respect to the chemical changes which take place be* 
tween the alcohol and acid to form the new product ether, 
it is found on analysis, that the latter substance is composed 
of two proportions of defiant gas, and one proportion of 
water. The number for defiant gas being 14, and that for 
water being 9, the equivalent number for ether is 37. 

Now olefiant gas consists of 2 atoms of carbon 12, and 2 
atoms of hydrogen 2=14, to which 1 atom of waiter 9, be- 
ing added, makes the composition of ether. 

Alcohol is composed of, or contains the elements of 1 
atom of olefiant gas, and 1 atom of water, and therefore al- 
cohol contains double the proportion of water that ether 
does. Now if 1 proportion or atom of water be abstracted 
from two of alcohol, the exact proportions constituting ether 
will remain. Thus the number for alcohol being 23, double 
this number is 46, from which one atom of water 9, being 
taken, there remains 37, the number representing ether. It 
will be seen on comparing these several numbers, that they 
exactly correspond with the constituents above named, and 
it is supposed that this is the precise mode in which sulphuric 
acid operates to convert alcohol into ether. In consequence 
of its afiinity for water, it abstracts one atom of that fluid from 
the alcohol, and thus the elements of ether remain. 

Sulphuric ether is a light, odorous transparent fluid, of a 
hot, and pungent taste. Its specific gravity when most pure, 
is about 700, water being 1000 ; but that of the shops is 740, 
or 750, owing to the presence of alcohol. When exposed to 
the open air, it evaporates with great rapidity, and occasions 
II ■ _ III II I i i I ■ 

What is the process of obtainmg sulphuric ether ? What is the 
composition of sulphuric ether ? Explain the difference between alco- 
hol and ether, and describe the change by which the former is con- 
verted into the latter. What is the specific gravity of ether, when 
most pure ? How does ether occasion an intense degree of cold ? 
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an intense degtee of cokl. This is in consequenee of die 
principle -already explained, that when a substance passes 
ftoni a denser to a rarer state^ caloric is absorbed. 

£^er is exceedingly combustible, and bums with a blue 
flame, the product of its combustion being water and carbon- 
ic acid. 

Ether is employed as a medicine in nervous fevers, and as 
a solvent in the arts* TjlTheh pure, or when that of the shops 
is a^tated with water, and after standing awhile, is poured 
off, it is a solvent tf liidia rubber, one of the most insoluble 
of vegetable products. 

Nitroua Ether is prepared by distilling alcohol with nitric 
acid, in a manner similar to that described for sulphuric 
ether, to which its leading properties are similar. It is 
however, still more volatile, and is subject to decomposition 
by keeping. 

Vegetable Alkidies. 

Potash 'and soda were formerly called vegetable alkalies, 
in order to mark their origin and to distinguish them from 
the other alkaline substances. These alkalies, as stated in 
their proper places, are obtained chiefly by the incineration 
of land and sea plants, though they both exist ready formed 
by nature. They are found to be metallic oxides*, and have 
been described under the names of 03cid^ of potftssium and 
oxide of sodium. The vegetable alkalies now to be de- 
scribed, are strictly vegetable products, and are obtained, not 
by incineration, but by the digestion, or maceration of cer* 
tain vegetable substances in water. 

The following is an outline of the method by which thejr 
are obtained. In the first place, the substance containing 
the alkali is digested in a large quantity of very pure water, 
which dissolves the salt, the base of which is the alkali. 
On adding some salifiable base, such as potash, or ammonia, 
which has a strong affinity for the acid of the vegetable salt, 
in the watery solution, this salt is decomposed, its acid com- 
bining with the potash,, or ammonia, and thus leaving the 
vegetable alkali in the solution. This being insoluble, while 



Why does the evaporation of ether occasion cold ? What are the 
uses of salpburic ether ? How is nitrous ether procured ? How does 
the nitrous differ from the sulphuric ether ? How do the oflcides of po- 
tassium and sodium differ ftom the vegetable alkalies ? How an the 
vegetable alkalies obtained ? Give an outtine of the prooeee by which 
these substances are procured. 
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the new salt is seliible ia water, k eoUeeted and washed en 
a fiher. The vegetable alkali thus obtaitted, is hewever im- 
pure, and requires to be dissolved in alcohol, with the addi* 
tion of some animal charcoal, which deprives it of its colour, 
—then filtered, and the alcohol evaporated, when the ptm 
alkali will be obtained. « 

The most important vegetable alkalies are Morpkkii Cin- 
choma, and Qutftta. 

Morphia* 

Morphia is the narcotic principle of opium. Opium, be- 
sides morphia, contains meconie acid^ narcoftce, gum, retin' 
oU$, extretctwej and colouring matter^ and a small quanti^ 
of caoutchoucy or India rubber. 

Morphia exists in the opium^ combined with meconie acid, 
forming meconate of morphia. To obtain it, therefore, it 
is necessary to decompose this salt, by which the morphia is 
liberated, and afterwards obtained by the evaporation of 
some fluid in which it is soluble. 

This is done by boiling a solution of opium in water, with 
magnesia, by which the meconate of morphia is decomposed, 
and a meconate of magnesia is formed. The morphia being 
thus precipitated, is obtained in an impure state by filtration, 
and afterwards purified by solution in alcohol. On evapo- 
rating the alcohol, the pure alkali is deposited ia crystals. 

Pure morphia occurs in small rectangular, white prisms, 
of considerable lustre. It is insoluble in water, but alcohol, 
especially by the aid of heat, dissolves it freely. In its 
pure state, this substance is nearly tasteless, owing to its 
insolubility in water, but when it is rendered soluble by com- 
bining with an acid, or when dissolved in alcohol, it is in- 
tensely bitter. From the same cause, in its pure and solid 
state, morphia is nearly inert on the living system, Orfila 
having, given twelve grains to a dog, without any sensible 
effects. On the contrary, when in a state of solution it acts 
on the system with great energy, Orfila having seen alarnl- 
ingefiects from half a grain. 

The best method of using morphia in medicine, is to form 

What are the mptit important vegetable alkalies? What is morphia? 
What are the ingredients in opium besideB morphia? In what state 
does morphia exist in the opium ? IV hat is the process for obtaining 
viorphia ? What is the use of the magnesia In this process ? What 
are the solvents of morphia ^ In what state is morphia used m medi- 
eiaef 
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with it an aeetatey or a citrate, both of which are soluble ia 
water, and alcohol* In either of these states, it is given in 
those cases where opiates are required, and it produces all 
the soothing effects of opium, without the disagreeable con- 
sequences which often follow the administration of that 
drug. 

Nareolwe. This substance, though not an alkali, is con- 
tained in opium, and is therefore properly noticed here. 

Narcotive is obtained by digesting opium in water, and 
evaporating the solution to the consistence of extract, and 
then digesting this with sulphuric ether. The water, as 
shown iSbove, will hold in solution meconale of morphia, ai 
well as narcotive, but the meconate is insoluble in ether, 
which only takes up the narcotive. On evaporation, the 
ether so treated will deposite small particles of narcotive. 

This substance is little soluble in water, either cold or hot, 
but dissolves in pil and alcohol. 

The unpleasant profperties of opium as a medicine, are 
attributed to this substance, and perhaps the different effects 
of the salts of morphia from opium, are only owing to their 
not containing narcotive. , 

Cinchonia and Quinia* 

It has been fully establislied, that the efficacy of cinchonia, 
or Peruvian bark, in the cure of fevers, resides in two alka- 
lies, called cinchonia and quinia. These two principles, 
though quite analogous in many respects, are distinct substan- 
ces, and appear to bear the same relation to each other as 
potash and soda. Cinchonia exists in the pale bark, quinia 
in the yellow, aud both arc present in the red bark. 

They are obtained from these substances by a process 
similar to that already described for separating morphia from 
opium. 

Cinchonia appears in white crystalline grains, which are 
nearly insoluble in water, but which are readily taken up by 

Why is it not used in its pare state ? What advantage has morphia 
over opium as a medicine ? How is narcotive obtained f Is narco- 
tive soluble in water ? What are the solvents of narcotive ? What 
effeets of opium are imputed to narcotive ? What is said of the effi- 
cacy of cinchonia and quinia in the cure of fevers f What relation 
do cinchonia and quinia appear to bear to each other ? In what spe- 
cies of bark do these alkalies exist ? By what process are these sob- 
stances obtained? Whst is the appearance of cinchonia f 
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boSiag alcohol. Its alkaline properties are veil maiked by 
its power of neutralizing acids* It fonns nitrates, mnriates, 
sulphates, acetates, dec, aU of which are soluble in water. 

Qtttnta is a white, porous substance, of a flocculent ap- 
pearance. It does not, like cinchonia, form crystals. It is 
^also nearly insoluble in water, but dissolves (reely in alcohol, 
affording an intensely bitter solution. Like cinchonia, it has 
strong alkaline powers, and forms salts with the several 
aeids* Its febrifuge effects are much more decisive than 
those of cinchonia, and it is now extensively employed in the 
practice of medicine, in the form of the sulphate of <|uinia« 
This salt crystalizes in delicate white needles. It contains 
90 parts of the quinia combined with 10 of (he acid. 

The composition of cinchonia and quinia is thus stated by 
Pelletier and Dumas. 



Cinchonia. 


Qninia. 


Carbon 76.07 


Carbon 74.14 


Oxygen 7.97 


Oxygen 6.77 


Hydrogen 6.22 


Hydrogen 8.80 


Nitrogen 9.02 


Nitrogen 10.76 



100.18 100.47 

The composition of these alkalies, therefore consist of the 
same elements, and nearly in the same proportions. 

ANIMAL CHEMISTRY. 

• 

In relation to chemistry, the circumstances which distin. 
guish animal from vegetable substances, is the large quantity 
of nitrogen which the former always contain, their strong 
tendency to putirefaction, and the offensive products which 
they exhale during decomposition. 

Animal substances are esseotially composed of carbon, 
hydrogen, oxygen, and nitrogen ; and in addition to these, 
they sometimes contain sulphur, phosphorus, iron, and small 
quantities of saline matter. 

Fibrin. — ^The lean parts of animals consist chiefly ci fibrin. 

— 

How do the alkaline prc^ertieB of cinchonia appear ? What salts 
does it form with acids? What is the appearance of quinia? What 
is the solvent of quinia ? In what form is quinia employed in medicine ? 
What is the appearance of sulphate of quinia, find what its composition' 
In relation to chemistry, what are the circumstances which distinguish 
animal from vegetable saostanoes ? What is the essential composition 
of animal substances? 

28 
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This may be separated and observed in its pure state, by re- 
moving the soluble parts of lean beef, cut into small }Meces^ 
by repeated washing, and digestion in cold water. 

Fibrin thus obtained, is nearly white, and is insipid and in* 
odorous. It readily passes into the putrefactive fermenta- 
tion, but in thin pieces, suspended in a dry place, its fluid 
parts evaporate, and it becomes hard, brittle, and translucent. 

Alcohol converts fibrin into a fatty substance, which is 
soluble in the same fluid and in ether, but is precipitated by 
the addition of water. This substance is decomposed by aU 
the strong acids, and is dissolved by caustic potash. 

Fibrin is composed of 18 parts of carbon, 14 of hydrogen, 
5 of oxygen, and 3 of nitrogen. 

AUmmen. — Albumen enters largely into the composition of 
animals. Their solid, as well as fluid parts, contain it in great* 
er or less proportion. Jjiquid albumen is nearly pure in the 
whites of eggs. Its appearance, and many of its properties 
in this state are well known. It is coagulated, and converted 
into a soft solid, by heat, by alcohol, and the stronger aeidi. 
The character of being coagulated by heat, distinguishes al- 
bumen from all other animal fluids. It is completely soluble 
in cold water, and it is said that when this fluid contains only 
^.^ part of albumen, it becomes opaque by boiling. On 
tnis property is founded the clarifying eflects of albumen. 
As it coagulates, by the heat of the water, it entangles any 
insoluble particles the fluid contains, and rises with them to 
the surface. 

Gelatine. — This substance forms a proportion of all the 
solid parts of animals, and is particularly abundant in the skin, 
tendons, membranes and bones. It is soluble in boiling water, 
and forms a bulky, semi-transparent, tremulous mass when 
cold. By evaporation, it becomes a solid, brittle, hard, and 
transparent substance, known in commerce and the arts, mu 
der the name of glue. This is chiefly prepared from the 
cuttings of skins, and the ears and hoofs of animals, /m- 
glass, which is the purest variety of gelatine, is prepared fnai 
certaiiv parts of fish, and especially the sturgeon. Tlie gela- 

What is fibrin? How may fibrin be obtained ? What are the pro- 
perties of fibrin ? What is the composition of fibrin ? Where is elba- 
men found nearlj in a pure state r By whatttgents is albumen coaov- 
lated ? By what property is albumen distinguished from all other au- 
mal fluids ? How does siburaen clarify liquids ? In what parte of ani- 
mals is gelatine most abundant ? Under what name ie dry gelatiflt 
known ? What ia isinglass f 



tine called aAsesfoot jedy is prepared by boiling the feet of 
that animal in water. 

Gelatine is precipitated by tannin. . This is so delicate a 
test for gelatine, that it is said, an infusion of nut galls, which 
oootains a large quantity of tannin, will shew the presence 
of gelatine when mixed with. 5000 times its weight of water. 

The three ingredients fibrin, albumen and gelatine, form 
the most bulky parts of all animals, that is the flesh, tendons, 
cartilages, and skin. 

Oleaginous Substances* 

The fat of animals is very analogous, in its composition, 
and proportions to the fixed, vegetable oils, its ultimate prin- 
ciples being carbon, hydrogen, and oxygen. 

There is a considerable variety in the appearance and 
qualities of the fatty principle contained in different animals. 
The solid fat of land animals is called taJhw, while the cor- 
responding substance from fish, which is fluid at common 
temperatures, is called oil. 

All these substances agree very nearly in respect to com- 
position, the principal diflerence being in respect to form and 
appearance. Their uses, for making soap, giving hght, dec. 
are well known. 

Bhod. 

» 

The blood of animals consists* of two parts, called sertmt 
and crassamenium* In healthy blood, these two parts sepa- 
rate spontaneously on standing. The crassamentum coagu- 
lates, aiid forms a red, solid mass, while the serum surrounds 
it, in form of a yellowish fluid. 

' The serum contains a small quantity of soda in a free state, 
and is 29 parts in 1000 heavier than water. It consists, in 
part, of albumen, and is coagulated by heat, acids, and alco- 
hol. The crassamentum consists of two parts, the fibrin and 
the colouring matter. The fibrin does not differ, except in 
form from that obtained from lean flesh, which has already 
been described. 

^ " ■ ■ II . ■ > 1 11 I !!■ I I II I ■ ll.l I. ■ ■ II . I I « ■ 

By what substance is gelatine precipitated from its solutions ? What 
parts of animals are formed by fibrin, albumen, and gelatine? What 
are the ultimate principles of animal fats ? Whht difference isv there 
between animal fats and animal oils ? In blood what is the serum and 
what the crassamentum? What is serum composed of? What does 
crassamentum consist of? 
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The colourii^ matter of the blood consists of distmct par- 
ticles, which in birds and cold blooded animals, are eliptical 
in form, but in man and other mamiferous animals, they are 
globular* These facts have been ascertained by meand of 
the microscope. Tbe globules are inisoluble in the senini, 
but their colour is dissolved by water, acids, and alcohol* 

It has been supposed that the crassamentum contained a 

Sortion of iron, but recent analysis has shown that this metal 
oes not belong to the crassamentum as a whole, but only to 
the colouring matter ; for when the fibrin is carefully sepa« 
rated from the colouring principle, it does not contain a 
trace of iron, while iron is always found in the red lo- 
bules. 

From the presence of iron in the globules, and its total 
absence in the other parts of the blood, it is inferred that the 
red colour of the globules depend on the presence of this 
nietal, though its quantity is found to be only half a grain to 
a hundred grains of the globules. 

It is found that during the coagulation of blood, heat is 
evolved, and consequently its temperature is raised. . This 
is owing to its passage from a rarer to a denser state, in con- 
sequence of which its capacity for caloric is diminished. 
We have had frequent occasions to refer to this principle. 
The increase of temperature from this cause, is however 
very slight, perhaps not more than two or three degrees, but 
its cooling is considerably retarded by the caloric thus evd- 
ved. 

The blood presents several ph^omena, which neither the 
principles of chemistry nor physiology have been able to ex- 
plain. The cause of its coagulation, for instance, has never 
been satisfactorily accounted for.^ It does not arise for want 
of heat or motion, for if blood be drawn when the tonpe- 
rature of the air is equal to that of the animal from which it is 
taken, and then kept constantly in motion, its coagulation 
ia not prevented, or even retarded. Indeed, neither mod- 
erate heat, nor cold, a vacuum, nor pressure, nor even di« 
lution with water, seem to have any influence on the coago> 
lation of the blood. On the contrary, its coagulation is pre* 

What does the colouring matter of blood consut of? On what metal 
does the colouring matter depend ? What propoition of iron is oon- 
fained in the red globules of tbe blood ? What is said conceming tha 
heat evolved by the coagulation of the blood ? What is said ceaoem- 
iog the cause of the blood's coagulation f What oiroumatancei art 
said not to effeet the coagulation of the blood? 
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▼ented by certain causets, the effects of which could not be 
supposed to influence this circumstance. Thus, the blood 
of persons who have been destroyed by some kinds of poison, 
and by mental emotions, has been found uncoagulated, and in 
a fluid state. How causes so unlike, should produce the 
same effects, or why either of them should effect the blood 
at all, are equally unknown. 

Respiration. 

Respiration is the act of breathing, and consists in the 
alternate drawing into, and throwing out of the lungs, a 
quantity of atmospheric air. And it appears that this pro- 
cess, or an equivalent one, is necessary to support the lives 
of all animals. 

The atmosphere, as formerly shown, is composed of 80 
parts of nitrogen, and 20 parts of oxygen, and it is found by 
experiment, that no other gaseous compound can be substi- 
tuted for this, nor can these proportions be varied without 
injury to its qualities. 

The immediate effect of respiration, is to produce a 
change in the colour of the blood as it passes through the 
lungs, thus indicating that it suffers some change in its pro- 
perties at the same time. 

The necessity of ifespiration to all warm blooded animals 
requires no proof; and the necessity that the blood should 
be brought into contact with the air inspired, is equally ob- 
vious from their organization. 

Such apimals are provided with two kinds or classes of 
blood vessels, called veins and arteries. 

The arteries, particularly the large ones, are deeply seat- 
ed within the animal, and convey the blood to all parts of the 
living system. The veins, on the contrary, especially the 
small ones, are situated near the surface, and are destined 
to convey the blood back to the heart, which had been thrown 
out by the arteries. 

■ ' ' ' ■■• ' " ■ ' ■ ' ■■ 1 — — 

What circnmstances are said to prevent the coagulation of the blood ? 
What is respiration f What is the composition of the atmosphere ? 
What effect does a change in the composition or proportion of the ele- 
ments of the atmosphere prodace on respiration ? What is the imme- 
diate effect of respiration on the colour of the blood ? What is said of 
the necessity of respiration ? What are the two kinds of blood vessels 
called? Where are the veins and arteries situated with respect to 
•ach other ? What is the use of the arteries f What part of the cir- 
Gulatioit do the veins perform ? 

28» 
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But besides these two great systems of blood vesaels, 
there is another system called thp pulmonary^ which is des- 
tined expressly to convey the blood to the lungs, where it 
undergoes the change above mentioned, and then back 
again to the heart. 

• The entire circulation will now be readily understood. 
The blood being thrown to all parts of the body, is returned 
to the right side of the heart by the great system of veins. 
From the right side of the heart it is sent to the lungs, by 
the pulmonary artery, and being there changed into arterial 
blood, is returned by the pulmonary veins to the lefl side of 
the heart. From the lefl side of the heart, it is thrown to 
all parts of the body by the great system of arteries, to be 
returned to the right side by the veins, as before. 

When venous blood, fresh drawn, is suffered to stand a 
few minutes in a confined portion of atmospheric air, it is 
found that the air loses a part of its oxygen, which is re- 
placed by the same volume of carbonic acid gas, and at the 
jsame time the colour of the blood, from being of a dark pur- 
ple, becomes florid red. This is the same change of colour 
which the blood undergoes in its passage through the lungs. 
The cause of the change in the lungs might therefore be 
inferred to be the absorbtion of oxygen by the blood and the 
subsequent emission of carbonic acid. 

That this change of colour in venous blood, when out of 
the lungs, is owing to the contact of oxygen, is shown by 
the more immediate production of the same effect when 
oxygen is substituted for atmospheric air, and also, by the 
fact, that no change of colour is produced when the oxygen 
is entirely excluded. Hence the inevitable conclusion, that 
fresh drawn venous blood emits a quantity of carbon, in con- 
sequence of its coming in contact with oxygen, and that its 
change of colour is caused by this emission. 

The same change thus proved to take place in the atmos- 
phere, is constantly going on in the lungs. The venous 
blood, which, as above explained, is sent to the lungs through 
the pulmonary artery, is charged with carbon, to which it 

What 18 the office of the pulmonary system ? Explam the entire 
circulation. From which side of the heart do the ^eat arteries oon* 
vey the blood to all parts of the body? Mow is the blood conveyed 
from the right to the left side of the heart? What effects do the con- 
tact of atmospheric air sfid venous blood produce on each ? How is it 
proved that the change of colour in the blood is produced by the oxy- 
gen of the air ? What is the cause of the change of colour in venous 
blood > 
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owes its dark colour. The oxygen of the atmosphere, by 
inspiration, fills all the aif vessels of the lungs, and is thus 
brought nearly into contact with the blood, being separated 
firom it only by the thinnest membrane. 

It appears that through this membrane, the oxygen of the 
atmosphere is absorbed, and having combined with a portion 
of the carbon of the blood, it is agaift emitted in the form of 
carbonic acid gas, and to this process is owing the change 
from venous to arterial blood. 

In proof of this, experiment shows (hat when any living 
animal is confined in a portion of air containing a known 
quantity of oxygen gas, the oxygen gradually cbsappears, 
and is replaced by the same quantity of carbonic acid. In 
ordinary respiration, the air from our lungs always contains 
a portion of carbonic acid. This is proved by merely blow- 
ing into a glass vessel containing a solution of lime in water, 
or what is commonly called lime wcUer, when the clear water 
will instantly become turbid, because the carbonic acid from 
the lungs, unites with the lime of the water, and forms an in- 
soluble carbonate. 

It does not appear that the oxygen is absorbed, and retain, 
ed by the blood, for the absolute quantity of air, though ma- 
ny times respired by a confined animal, remains the same. 
This also proves that the nitrogen of the atmosphere is not 
absorbed. It is well known by experiment, that the conver- 
sion of oxygen gas, into carbonic acid, does not in the least 
change its volume, but only adds to its weight. This ac- 
counts for the reason why the volume of air is not changed 
by respiration, or by conversion into carbonic acid, provided 
no absorption take place. 

Thus the change from venous to arterial blood, seems to 
be produced entirely by the loss of carbon which the former 
suffers while passing through the lungs. 

It appears also, from numerous experiments, that not only 
warm blooded animals, but also fish, and cold blooded rep- 
tiles of the lowest order, absolutely require the presence of 

To what is the dark colour of venoas blood owing ? What 
change does the blood undergo in the lungs ? How is it proyed that 
oxygen is converted into carbonic acid in the lungs ? How is it pro- 
yed that we emit carbonic acid at every expiration ? In respiration, ia 
the oxygen absorbed and retained by the blood, or not ? How does it 
appear Uiat neither the nitrogen nor the oxygen of the atmosphere ie 
retained in the process of respiration ? In what does the change from 
▼enous to arterial blood consists What is said of the necessity of oxy« 
gen to support the lives of cold blooded reptiles ? 
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oxygen in otAbt to sustain life. Water, it has already been 
stated, always contains a portion of this gas in a free state, and 
althoogh the quantity is small, it is sufficient to sustain the lires 
of its inhabitants. That fish, frogs, and other animals of this 
kind, cannot sustain life without oxygen gas, is proved by the 
fact, that they die in a short time, if the water in which they 
are placed ia covered with a film of oil, so that no oxygen is 
admitted. Frogs, though capable of suspending their respira- 
tion for a long time, die in less than an hour if the small 
quantity of water in which they are confined is covered with 
oiL- Aquatic insects and worms exhibit the same phenome- 
na when treated in the same manner* In these cases, ex- 
j>eriment has shown that oxygen is converted into carbonic 
acid, the effect being the same as that produced by the re» 
sptration of warm blooded animals. 

Indeed, the experiments of Spallanzani prove that ani- 
mals produce this change by the action of their skin. Thus, 
serpents, lizards, and frogs, during their torpid state, and 
when their respiration is suspended, still require small por- 
tions of oxygen, which they constantly convert into carbonic 
add by means of their skin, and it is probable, that in this 
manner, the blood of these animals part with a little car- 
bon. 

Animal Heat. 

' During combustion there is an^ absorption of oxygen, and 
a subsequent emission of carbonic acid gas, and in the act of 
respiration, oxygen disappears, and is replaced by the same 
acid gas. Combustion and respiration are therefore sup. 
ported by the same principle, and yield the same product. 

This analogy led Dr. Black to conclude that the changes 
which take place on the air, and on the blood in the lungs, 
was the cause of animal temperature ; and several circum- 
stances relative to the structure of animals and the quantity 
of oxygen they consume by respiration, seem to show that 
the heat of their blood depends, in a measure at least, on the 
quantity of this principle thus consumed. Animals having 
the power to maintain their temperatures above the media 
in which they live, are provided with capacious lungs, and 
consumQ large quantities of oxygen* Birds, the temperatore 

How is it proved that fish «sd frogs reqixve oxygen ? Wfattt eifeel 
does the skin of torpid animals have npoa ojcygen? "What analogy 
is there between combostieai and lespimfeton ? Wluit is saiil eowMm- 
ing the quantity of oxygea conMmed by wnnii Uooded aninMls ? 
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of whose blood is higher than that of maoy md quadrupeds^ 
have lungs still mo^e capacious, accordiDg to their size, and 
Consequently, most probably eonsume more yitai air. On 
the contrary, fish, frogs, and other animals of this tribe, 
which consume only very minute portions of oxygen, do not 
sustain their temperature above the medium in which they 
live. 

It appears also, that the temperature of an animal, when 
made to respire pure oxygen gas, is raised above the natural 
standard, but when the quantity of this gas consumed ie 
emails the temperature of the animal falls, and the circula* 
tion of the blood is sluggish and languid* 

From these considerations, it would appear that the heat 
of the animal is sustained by its respiration, and that its 
temperature is proportionate, in some degree, to the quantity 
of oxysen it consumes, or converts into carbonic acid. 

Dr* Crawford, pursuing this idea, supposed that the car* 
bonic acid discharged by the breath, being generated in the 
lungs, and accompanied with the loss of oxygen, extricated 
heat during its formation, and that the temperature of the 
animal might thus be explained. But as the heat of the 
lungs was found to be no greater than that of other internal 
parts, there must be some mode of accounting for its dis* 
tribution to other parts of the system, otherwise this 
theory could not for a moment be supported* It is ob* 
viotts that in whatever manner this distribution is effected, 
the heat muat be latent, or insensible, for supposing it to be 
in a free state, the lungs or part where it is generated, 
would still be at a higher temperature than the parts to 
> which it is distributed* 

Accordingly, on comparing the capacities of venous and 
arterial blood for heat. Dr. Crawford found, that arterial 
blood had the greatest capacity, and therefore, that at the 
same temperature, it contained a quantity of latent heat, 
which the venous blood did not. He therefore supposed 
that this latent heat was conveyed by the arterial blood, te 
all parts of the system, and as the arterial is gradually con- 
verted into venous blood, so the latent heat gradually be* 

What k said of the quantity of oxygen conBumed by fish and frogi ? 
Does it appear that there is any proportion between the heat of the 
animal and the quantity of oxygen it consnmes by respiration f How 
did Dr. Crawford explain the canae of animal temperature ? Suppose 
arterial blood to have a greater capacity for heat^ than venous blood, 
on what circumstance could animal temperatoto be expliuned ? 
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came smmble, in all parts of the 83rBtein, and that in thk 
manner, animal temperature is maintained. 

This beautiful theory was supposed to be founded on the 
true principles of chemistry and physiology, and being so 
received, it accounts very satisfactorily for animal tempera- 
ture. But Dr. Davy has since shown that the principal fact, 
on which it is founded, the difference of the capacities of ve* 
nous and arterial blood for heat, is not true, but that in this 
respect there is little or no difference between the two kinds 
of blood. 

If Dr. Davy has maintained the truth, it is obvious that Dr. 
Crawford's theory must fall to the ground. 

Although the facts stated above, in respect to the capacity 
of the lungs, in warm blooded animals, and the quantity of 
oxygen which they consume, when compared with cold 
blooded animals, would seem to show almost beyond a doubt, 
that animal temperature is connected with the quantity df 
oxygen consumed, and the changes which the blood under- 
goes in the lungs ; still some physiologists deny the agency 
of either of these causes in producing such effects, and as« 
cribe the evolution of animal heat entirely to the influence of 
the nervous system. 

. The foundation of this doctrine, is an experiment of Mr. 
Brodie, who found that on keeping up an artificial respinu 
tion in the lungs of a decapitated animal, the colour of the 
blood was changed from purple to red, and carbonic acid emit- 
ted as usual ; but that this animal grew cold more rapidly than 
another decapitated animal of the same kind which lay un« 
touched. It is obvious that this result would follow unless 
heat was evolved by the artificial respiration, because the 
air forced into the lungs would abstract the heat of the ani* 
mal. 

" Were these experiments rigidly exact, says Dr. Turner, 
they would lead to the opinion that no caloric is evolved by 
the mere process of arterialization. This inference cannot, 
however, be admitted, for two reasons : — First, because 
other physiologists, in repeating the experiments of Brodie, 
have found that the process of cooling is retarded by artifi* 

JIow did Dr. Davy show that Dr. Crawford's theory was untenable ? 
What is the foundation of the theory that animal beat is evolTed by 
the nervous system ? If heat were not evolved by artificial respira- 
tion, why should this process cool the animal rapidly ? What are Dr. 
Turner's two reasons for supposing that Mr. Brodie's experiments are 
not conolusive, that heat is not evolved by respiration f 
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cial reflpiration ; and secondly, because it is diffionU to con- 
ceive why the fonnation of carbonic acid, which uniformly 
gives rise to increase of temperature in other cases, should 
not be attended within the animal body with similar results. 
It may hence be inferred, that this is one of the sources of 
animal heat." 

In respect to the influence of the nervous system over the 
developement of animal temperature, there is no doubt but 
considerable effects may be safely attributed to this cause. 
But in what manner the heat is evolved, is perhaps uncer- 
tain. 

In conclusion, we jnay remark, that the subject of animal 
temperature has excited the attention, and has been made an 
object of experiment and research among philosophers and 
physiologists in all ages, and that many ingenious and some 
plausible theories have been invented and detailed in order 
to give a satisfactory explanation of its cause. The theory 
of Dr. Crawford, among these, was perhaps the most plauai* 
ble, and certainly the most philosophical and beautiful. But 
we have seen, that the leading facts on which it was found- 
ed, have been proved by his successors not to be true, and 
therefore the theory itself cannot be maintained. That the 
bxygen of the atmosphere is one of the causes of animal heat, 
cannot be doubted from the facts, that no animal can live 
without it, and that the heat of nnimalfl is in some propor- 
tion to the quantity of this principle consumed. 

But as this principle can have no effect, except through 
the lungs, if it is admitted that heat is evolved by its action 
there, there is still much difficulty in explaining either why 
the lungs are not constantly at a higher temperature than 
the other parts of the system, or if they were, how the heat 
could be conveyed to the other parts, from its fountain. 

On the whole, it appears that the cause of animal heat is 
one of the arcana of nature, into which man has not yet 
been permitted to look, and therefore, we must be con- 
tented at present to attribute it to the viUd principle. 

II 1 . . ■■ 

Is it probable that the nerves affect the temperature of the agimal ? 
What is said in conclusion on this subject ? Has there ben any 
theoiy proposed which accounts satisfactorily for the cause of animal 
heat ? To what is it said must we at present attribute the cause of 
ajkimal heat ? 
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PA»T IV* 

AlVALTTICAL CHEXI8TBT. 

To enter into a detailed account of experimental and ana- 
lytical chemistiy, is altogether inconsistent with the design 
and limits of the present work. M7 sole ohject in this de- 
partment is to give a few concise directions for conducting 
some of the more common analytical processes ; and in or* 
derto render them more generally useful, I shall give exam- 
ples of the analysis of mixed gases, of minerals, and of min* 
eral waters. 



ANALYSIS OF XIXED OASES. 

Analysis of air or of gaseous miaiures containing oxygen. 
Of the various processes by which oxygen gas may be with* 
drawn from gaseous mixtures, and its quantity determined, 
none are so convenient and precise as the method by means 
of hydrogen gas. In performing this analysis, a portion of 
atmospheric air is carefully measured in a graduated tube, 
and mixed with a quantity of hydrogen which is rather more 
than sufficient for uniting with all the oxygen present. The 
mixture is then introduced into a strong glass tube called Yol- 
ta's Eudiometer, and is inflamed by the electric spark, the 
aperture of the tube being closed by the thumb at the mo- 
ment of detonation. The total diminution in volume, divided 
by three, indicates the quantity of oxygen originally contain- 
ed in the mixture. This operation may be performed in a 
trough either of water or mercury. 

Instead of electricity, spongy platinum (page 126) may be 
employed for causing the union of oxygen and hydrogen 
gases ; and, while its indications are very precise, it has the 
advantage of producing the eflect gradually and without de- 
tonation. The most convenient mode of emplopng it with 
this intention is the following. A mixture of spongy pla* 
tinum and pipe-clay, in the proportion of about three parts 
of the former to one of the latter, is made into a paste with 
water, and then rolled between the fingers into a globular 
form. In order to preserve the spongy texture of the plati- 
num, a little muriate of anunonia is mixed with the paste ; 
and «hen the bail has become dry, it is cautiously ignited at 
the flame of a spirit-lamp. The sal-ammoniac, escaping from 
all parts of the mass, gives it a degree of porosity which is 
peculiarly favorable to its action. The ball, thus prepared, 
should be protected from dust and be heated to redness just 



befoe being osed. To insure accuracy, the hydrogen em. 
ployed should be kefHr ov«f mercury for a few hours in con- 
tact with a spongy platinum ball and a piece bf caustic po- 
tash. The first deprives it of traces of oxygen which \i 
commonly contains, and the second of moisture and sulphu- 
retted hfydrogen. The analysis must be performed in a mer- 
eurial trough. The time required for completely removing 
ti^ oxygen depends on the diameter of the tube. If the 
mxture is contained in a very narrow tube, the diminution 
tfoes not arrive at its full extent in less than twenty minutes 
or half an nour ; while in a vessel of an inch in diameter, 
the efitsct is complete in the course of five minutes. 
Mode of determinmg the quantity of nitrogen in 'gaseous mix- 
tures. 

As atmospheric air, which has been deprived of moisture 
/imd carbonic acid, consists of oxygen and nitrogen only, the 
proportion of the latter is of course, known as soon as that of 
the former is determined. The oniy method, indeed, by 
which chemists are enabled to estimate the quantity of this 
gas, is by withdrawing the other gaseous substances with 
which the nitrogen is mixed. 

Mode of determining the quantity of carbonic cadd in gaseous 
mixtures, — When carbonic at^id is the only acid gas which 
is present, as happens in atmospheric air, in the ultimate 
analysis of organic compounds, and in most other analogous 
researches, the process for determining the quantity of car- 
bonic acid is exceedingly simple ; for it consists merely in 
absorbing that gas by lime water or a solution of caustic po- 
tash. This is easily done in the course of a few minutes in 
an ordinary graduated tube ; or it may be cflected almost in- 
stantaneously by agitating the gaseous mixture with the alka- 
line solution in Hope's eudiometer. This apparatus is form- 
ed of two parts ; a bottle capable of containing about twenty 
drachmsof fluid, and furni^ed with a well-ground stopper;' 
and a tube of the capacity of one cubic inch, divided into 
100 equal parts, and accurately fitted by grinding to the neck 
of the bottle. The tube, full of gas, is fixed into the bottle 
previously filled with lime water, and its contents are briskly 
agitated. The stopper is then withdrawn under water; whien 
a portion of liquid rushes into the tube, supplying the place 
of the gas which has disappeared ; and the process is after- 
wards repeated, as long as any absorption ensues. 

The eudiometer of Dr. Hope was originally designed for 
analyzing air or other similar mixtures^ die bottle being filled 

29 
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with a solution of the hydro-sulphuret of potassa or lime, or 
Bome liquid capable of absorbing oxygen. To the empiojr. 
ment bf this apparatus it has been objected, that the absorp. 
tion is rendered slow by the partial vacuum which is continu- 
ally taking place within it, an inconvenience particularly felt 
towards the close of the process, in consequence of the eudi* 
ometric liquor being diluted by the admission of water. To 
remedy this defect, Dr. Henry has substituted a bottle of elas- 
tic gum for that of glass, by which contrivance no vacuum 
can occur. From the improved method of analyzing air, 
however, this instrument is now rarely employed in eudiome- 
try ; but it may be used with advantage for absorbing carbo^ 
nic acid or similar gases, and is particularly useful for the 
purpose of demonstration. 

Mode of analyzing mixtures of Hydrogen and other infiaa^ 
mable gases. — When hydrogen is mixed with nitrogen, air, or 
other similar gaseous mixtures, its quantity is easily ascer- 
tained by causing it to combine with oxygen either by means 
of platinum sponge or the electric spark. If, instead of hy- 
drogen, any other combustible substance, such as carbonic 
oxide, light carburetted hydrogen, or olefiant gas, is mixed 
with nitrogen, the analysis is easily effected by adding a suf- 
jQcient quantity of oxygen, and detonating the mixture by 
electricity. The diminution in volume indicates the quantity 
of hydrogen contained in the gas, and from the carbonic acid, 
which may then be removed by an alkali, the quantity of cai^ 
bon is inferred. 

When olefiant gas is mixed with other inflammable gases, 
its quantity is easily determined by an elegant and simple 
process proposed by Dr. Henry. (Page 165.) It consists in 
mixing 100 measures, or any convenient quantity of the gas- 
eous mixture, with an equal volume of chlorine in a vessel 
covered with a piece of cloth or paper, so as to protect it 
from light ; and after an interval of about ten minutes, the 
excess of chlorine is removed by lime water or potassa. The 
loss experienced by the gas to be analyzed, indicates the ex- 
act quantity of olefiant gas which it had contained. 

In mixtures of hydrogen, carburetted hydrogen, and car- 
bonic oxide, the analytic process is exceedingly diflUcult and 
complicated, and requires all the resources of the most re- 
fined chemical knowledge, and all the address of an experi- 
enced analyst. The most recent information on this subject 
will be found ib Dr. Henry's Essay in the Philosophical 
Transactions for 1824. 
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ANALYSIS OF MINERALS. * 

As the very extensive nature of this department of analyti- 
cal chemistry renders a selection necessary, I shall confine 
my remarks solely to the analysis of those earthy minerals 
mrith which the beginner usually commences his labors. The 
most common constituents of these compounds are silica, 
alumina, iron, manganese, lime, magnesia, potassa, soda, and 
the carbonic and sulphuric acids ; and I shall, therefore, en* 
deavor to give short directions for determining the quantity of 
each of these substances. 

In attempting to separate two or more fixed principles from 
each other, the first object of the analytical chemist is to 
bring them into a state of solution. If they are soluble in 
water, this fluid is preferred to every other menstruum ; but 
if not, an acid or any convenient solvent may be employed. 
In many instances, however, th^ substance to be analyzed 
resists the action even of the acids, and in that case the fol- 
lowing method is adopted : — ^The compound is first crushed 
by means of a hammer or a steel mortar, and is afterwards 
reduced to an impalpable powder in a mortar of agate ; it is 
then intimately mixed with three, four, or more times its 
weight of potassa, soda, baryta, or their carbonates ; and, 
lastly, the mixture is exposed in a crucible of silver or plati- 
num to a strong heat. During the operation, the alkali com- 
bines with oee- or more ofthe cougiitu e ut a of ih^ mineral ; 
and, consequently, its elements being disunited, it no< longer 
resists the action of the acids. 

Analysis of Marble or Carbonate of Lime. — ^This analysis 
is easily made by exposing a known quantity of marble for 
about half an hour to a full white heat, by which means the 
carbonic acid gas is entirely expelled, so that by the loss in 
weight the quantity of each ingredient, supposing the marble 
to have been pure, is at once determined. In order to as- 
certain that the whole loss is owing to the escape of carbonic 
acid, the quality of this gas may be determined by a compar- 
ative analysis. Into a small flask containing muriatic acid 
diluted with two or three parts of water, a known quantity of 
marble is gradually added, the flask being inclined to one 
side in order to prevent the fluid from being flung out of the 
vessel during the effervescence. The diminution in weight 
experienced by the flask and its contents, indicates the quan* 
tity of carbonic acid which has been expelled. 

Should the carbonate sufier a greater loss in the fire than 
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when decomposed by an acid, it will most probably be found 
to contain water. This may be ascertained by heating a 
piece of it to redness in a glass tube, the sides of which will 
be bedewed with moisture, if water is present. Its quantity- 
may be determined by causing the watery vapor to pass 
through a weighed tube filled with fragments of the chloride 
of calcium, (muriate of lime,) by which the moisture is ab- 
vorbed. 

Separation of Lime and Magnesia. — The more common 
kinds of carbonate of lime frequently contain traces of sili- 
ceous and aluminous earths, in consequence of which they 
are not completely dissolved in dilute muriatic acid. A veiy 
firequent source of impurity is the carbonate of magnesia, 
which is often present in such quantity that it forms a pecu- 
liar compound called magnesian limestone. The analysis of 
this substance, so far as respects carbonic acid, is the same as 
that of marble. The separation of the two earths may be 
conveniently effected in the following manner. The solution of 
the mineral in muriatic acid is evaporated to perfect dryness 
in a flat dish or capsule of porcelain, and after redissolving 
the residum, in a moderate quantity of distilled water, a solu- 
tion of the oxalate of ammonia is added as long as a precipi- 
tate ensues. The oxalate of lime is then allowed to subside, 
collected on a filter, converted into quicklime by a white heat, 
and weighed ; or the oxalate may be decomposed by a red 
h^at, the carbonate resolved into the sulphate of lime by sul- 
phuric acid, and the excess of acid expelled by a tempera- 
ture of ignition. To the filtered liquid, containing the mag- 
nesia, an excess of carbonate of ammonia, and then phos- 
phate of soda is added, when the magnesia in the form of the 
ammoniaco-phosphate is precipitated. Of this precipitate, 
heated to redness, 100 parts correspond to 40 of pure magne- 
sia. (Murray.) 

Earthy Stdphates,- — ^Th'e most abundant of the earthy sul- 
phates is that of lime. The analysis of this compound is 
easily efiected. By boiling it for fifteen or twenty minutes 
with a solution of twice its weight of the carbonate of soda, 
double decomposition ensues ; and the carbonate of lime, 
after being collected on a filter and washed with hot water, is 
efther heated to low redness to expel the water, and weighed, 
or at once reduced to quicklime by a white heat. Of the dry 
carbonate, fifty parts correspoqd to twenty-eight of lime. 
The alkaline solution is acidulated with muriatic acid, and 
the sulphuric acid thrown down by the muriate of baryta. 
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From the mlpfaate of this eaitk, collected and dried mt ated 
beat, the quantity of acid may easily be estimated. 

The method of analyzing the sulphates of stroutia and ba* 
r3rta is somewhat different. As these salts are difficult of de^ 
composition in the moist way, the following process is adopt*- 
ed. The sulphate, in fine powder, is mixed with three times 
its weight of the carbonate of soda, and the mixture is heati 
«d to redness in a platinum crucible for the space of half aa 
hour. The ignited mass is then digested in hot water, and 
the insoluble earthy carbonate collected on a filter. The oth- 
er parts of the process are the same as the foregoing. 

Mode ofatudyxing compounds of SUica^ Alumina^ and Iron* 
Minerals, thus constituted, are decomposed by an alkaline 
carbonate, potash or soda, at a red heat, in the same mannw 
as the sulphate of baryta. The mixture is afterwards digest* 
ed in dilute muriatic acid, by which means all the ingredi* 
eats of the mineral, if the decomposition is complete, are 
dissolved. The solution is next eraporated to dryness, the 
heat being carefully regulated towards the close of the pro* 
cess, in order to prevent any of the chloride of iron, the vol^ 
atilityof which is considerable, from being dissipated in va- 
por. By this operation, the silica, though previously held in 
solution by the acid, is entirely deprived of its solubility ; so 
that on digesting the dry mass in water acidulated with nHi- 
riatic acid, the alumina and iron are taken up, and the silica 
is left in a state of purity. The siliceous earth, after subsi* 
ding, is collected on a filter, carefully edulcorated, heated to 
redness, and weighed. 

To the clear liquid containing iron and alumina, a consid- 
erable excess of a solution of pure potassa is added ; so aa 
not only to throw down these oxides, hot to dissolve the alum- 
ina. The peroxide of iron is then collected on a filter, edul- 
corated carefully until the washings cease to have an alkaline 
reaction, and is well doled on a sand bath. Of this hydrated 
peroxide, forty-nine parts contain forty of the anhydrous pe- 
roxide of iron. But the most accurate mode of determining 
its quantity is by expelling the water by a red heat. This 
operation, however, should be done with care ; since any ad- 
hering particles of paper, or other combustit>le matter, would 
bring ti^e iron into the state of black oxide, a change whieh 
is known to have occurred by the iron being attracted by a 
magnet. 

To procure the alumina, ^ liquid in which it iB dissolttsd 
m boiled with sal-ainmomac, yifb&a tbe mur*atie acid uaiiei 
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with the potassa, the volatile alkali is dissipated in vapor, and 

Ihe alumina subsides. As soon as the solution is thus render- 
ed neutral, the hydrous alumina is collected on a filter, dried 
by exposure to a white heat, and quickly weighed after re- 
moval from the fire. 

Separation of iron and manganese, — A compound of these 
metals or their oxide may be dissolved in muriatic acid. If 
the iron is in a largo proportion compared with the manga- 
nese, the following process may be adopted with advantage. 
To the cold solution, considerably diluted with water, and 
acidulated with muriatic acid, carbonate of soda is gradually 
added, and the liquid is briskly stirred with a glass rod during 
the efiervescence, in order that it may become highly charged 
with carbonic acid. By neutralizing the solution in this 
manner, it at length attains a point at which the peroxide of 
iron is entirely deposited, leaving the liquid colorless ; while 
the manganese, by aid of the free carbonic acid, is kept in 
solution. The iron, after subsiding, is collected on a filter, 
and its quantity determined in the usual manner. The filter- 
ed liquid is then boiled with an excess of the carbonate of 
soda ; and the precipitated carbonate of manganese is col- 
lected, heated to low redness in an open crucible, by which it 
is converted into the brown oxide, and weighed. This meth- 
od is one of some delicacy; but in skilful hands it affords a 
very accurate result. It may also be employed for separating 
iron from magnesia and lime as well as from manganese. 

But if the proportion of iron is small compared with that of 
manganese, the best mode of separating it is by the succi- 
nate of ammonia or soda, prepared by neutralizing a solution 
of succinic acid with either of those alkalies. That this pro- 
cess should succeed, it is necessary that the iron be wholly 
in the state of peroxide, that the solution be exactly neutral, 
which may easily be insured by the cautious use of ammonia, 
and that the reddish-brown coloured succinate of iron be 
washed with cold water. Of this succinate, well dried at a 
temperature of 212° F., 90 parts correspond to 40 of the per- 
oxide. From the filtered liquid the manganese may be pre- 
cipitated at a boiling temperature by carbonate of soda, and 
its quantity determined in the way above mentioned. The 
benzoate may be substituted for the succinate .of ammonia in 
the preceding process. 

It may be stated as a general rule, that whenever it is in- 
tended to precipitate iron by means of the alkalies, the succi- 
nates, or hcnsEoates, it is essential that this metal he in the 
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mfaimuin of oxidation. It is easily brought into this state b j 
digestion with a little nitric acid. 

Separation of manganese from lime and magnesia, — If the 
quantity of the former be proportionally small, it is precipita- 
ted as a sulphurct by the hydrosulphuret of ammonia or pot^ 
assa. This sulphuret is then dissolved in muriatic acid, and 
the manganese thrown down as usual by means of an alkali. 
But if the manganese be the chief ingredient, the best method 
is to precipitate it at once, together with the two earths, by a 
fixed alkaline carbonate at a boiling temperature. The pre- 
cipitate, after being exposed to a low red heat and weighed, 
is put into cold water, acidulated with a drop or two of nitric 
acid, when the lime and magnesia will be slowly dissolved 
with efiervescence. Should a trace of the manganese be 
likewise taken up, it may easily be thrown down by the hy- 
drosulphuret of ammonia. 

Mode of analyzing an earthy mineral containing sUicay iron, 
alumina, manganese, lime, and magnesia. — The mineral, re. 
duced to a fine powder, is ignited with three or four times its 
weight of the carbonate of potassa or soda, the mass is taken 
up in dilute muriatic acid, and the silica separated in the way 
already described. To the solution, thus freed from silica 
and duly acidulated, carbonate of soda is gradually added, so 
as to charge the liquid with carbonic acid, as in the analysis 
of iron and manganese. In this manner the iron and alumina 
are alone precipitated, substances which may be separated 
from each other by means of pure potassa. The manganese, 
lime, and magnesia, may be determined by the processes al- 
ready described. 

Analysis of minercds containing a fixed alkali. — When the 
object is to determine the quantity of fixed alkali, such as pot- 
assa or soda, it is necessary to abstain from the employment 
of these reagents in the analysis itself; and the beginner will 
do well to devote his attention to the alkaline ingredients 
only. On this supposition, he will proceed in the following , 
manner. The mineral is reduced to a very fine powder, mixed 
intimately with six times its weight of the artificial carbonate 
of baryta, and exposed for an hour to a white heat. The 
ignited mass is dissolved in dilute muriatic acid, and the so- 
lution evaporated to perfect dr3mess. The soluble parts are 
taken up in hot water ; an excess of the carbonate of atnmo- 
nia is added ; and the insoluble matters, consisting of silicic, 
carbonate of baryta, and all the constituents of the mineral, 
excepting the fixed alkali, are collected^ on a filter. The 
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elear solution is evaporated to dryness in apbroelaia capsule^ 

and the dry mass is heated to redness in a crucible of plati. 
num, in order to expel the salts of aminonia* The residue is 
the chloride of potassium or sodium. 

In this analysis, it generally happens that traces of manga* 
nese, and sometimes of iron, escape precipitation in the first 
part of the process ; and, in that case, they should be thrown 
down by the hydrosulphuret of ammonia. If neither lime 
nor magnesia is present, the alumina, iron, and manganese, 
may be separated by pure ammonia, and the baryta suhse- 
quently removed by the carbonate of that alkali. By this 
method the carbonate of baryta is recovered in a pure state, 
and may be reserved for another aniilysis. The baryta may 
also be thrown down as a sulphate by sulphuric acid, in which 
case, the soda or potassa is procured in combination with thai 
acid. 

The analysis is attended with considerable inconvenience, 
when magnesia happens to be present , because this earth is 
not completely precipitated, either by ammonia or its carbo* 
nate ; and, therefore, some of it remains with the fixed alkali. 
The best mode with which I am acquainted for effecting its 
separation, is the following. The carbonate of ammonia is 
first added, and the phosphoric acid is dropped into the liquid, 
until all the magnesia is thrown down in the form of the am* 
moniaco-magnesian phosphate. The excess of phosphoric 
acid is afterwards removed by the acetate of lead, and that 
of lead by sulphuretted hydrogen. The acetate of the alkali 
is then brought to dryness, ignited, and by the addition ofeaU 
phate of ammonia is converted into a sulphate. 

In the preceding account, several operations have bee& al- 
luded to, which, from their importance, deserve more particu. 
lar mention. The process of filtering, for example, is one on 
which the success of analyses materially depends. Filtration 
is effected by means of a glass funnel, intQ^which a filter, made 
of white bibulous paper, is inserted. For researches of deK. 
cacy, the filter, before being used, is macerated for a day «r 
two in water, acidulated with nitric acid, in order to dissolve 
lime and other substances contained in common paper, and it 
is afterwards washed with hot water, till every trace of acid 
is removed. It is next dried at 212°, or any fixed temperature 
insufficient to decompose it, and then carefully weighed, tbt 
weight being marked upon it with a pencil. As <hy papar 
absorbs hygrometic moisture rapidly from the atmosphere^ 
the filter, while being weighed, shoiild be incloaed ta a light 
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box made for the purpose. When a precipitate is <K>nected 
OQ a filter, it is washed with pure water until every trace of 
the original liquid is removed. It is subsequently dried and 
weighed as before, and the weight of the paper subtracted 
from the combined weight of the filter and precipitate. The 
trouble of weighing the filter may sometimes be dispensed 
with. Some substances, such as silica, alumin^, and lime» 
which are not decomposed when heated with combustible 
matter, may be put into a crucible while yet contained in the 
filter, the paper being set on (ire before it is placed in the 
furnace. In these instances, the ash from^ the paper, the 
average weight of which is determined by previous experi- 
ments, must be subtracted from the weight of the heated 
mass. 

The tests commonly employed in ascertaining the acidity 
or alkalinity of liquids are litmus and turmeric paper. The 
former is made by digesting litmus, reduced to a fine powder« 
in a small quantity of water, and painting with it white paper 
which is free from alum. The turmeric paper is made in a 
similar manner ; but the most convenient test of alkalinity is 
litmus paper reddened by a dilute acid. 

ANALYSIS OF MINERAL WATERS. 

Rain water collected in clean vessels in the country, or 
freshly fallen snow, when melted, affords the purest kind of 
water which can be procured without having recourse to dis- 
tillation. The water obtained from these sources, however, 
is not absolutely pure, but contains a portion of carbonic acid 
and air, absorbed from the atmosphere. It is remarkable 
that this air is very rich in oxygen. That procured from 
snow-water by boiling, was found by Gay-Lussac and Hum- 
boldt to contain 34.8 and that from rain water 32 per cent, of 
oxygen gas. From the powerfully solvent properties of 
water, this fluid no sooner reaches the ground and percolates 
through the soil, than it dissolves some of the substances 
which it meets with in its passage. Under common circum- 
stances, it takes up so small a portion of foreign matter that 
its sensible properties are not materially affected, and in this 
state it gives rise to spring, toell, and river water. Sometimes^ 
on the contrary, it becomes so strongly impregnated with sa- 
line and other subiatances, that it acquires a peculiar flavour, 
and is thus rendered unfit for domestic uses. It is then known 
by the name ot mineral footers. 
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The composition of spring water is dependent on the nature 
of the soil through which it flows. If it has filtered through 
primitive strata, such as quartz rock, granite, and the like, it 
is in general very pure ; hut if it meets with limestone orgyp- 
Bom in its passage, a portion of these salts is dissolved, and 
communicates the property called hardness. Hard water is 
characterized by decomposing soap, the lime of the former 
yielding an insoluble compound with the oil of the latter. If 
this defect is owing to the presence of the carbonate of limoi 
it is easily remedied by boiling, when free carbonic acid is 
expelled, and the insoluble carbonate of lime subsides. If 
sulphate of lime is present, the addition of a little carbonate 
of soda, by precipitating the lime, converts the hard into soft 
water. Besides these ingredients, the muriates of lime and 
soda are frequently contained in springwater. 

Spring water, in consequence of its saline impregnation, is 
frequently unfit for chemical purposes^, and on these occasions 
distilled water is employed. Distillation may be performed 
on a small scale by means of a retort, in the body of which 
water is made to boil, while the condensed vapour is received 
in a glass flask, called a recipient^ which is adapted to its beak 
or open extremity. This process is more conveniently con- 
ducted, however, by means of a still. 

The difl^erent kinds of mineral water may be conveniently 
arranged for the purpose of description in the four divisions of 
carbonated, chalybeate, sulphurous, and saline springs. 

The carbonated springs, of which those of Seltzer, Spa, 
Pyrmont, Ballston and Carsbad are the most celebrated, are 
distinguished by containing a considerable quantity of free 
earbonic acid, owing to the escape of which they sparkle 
when poured from one vessel into another. They communis 
cate a red tint to litmus paper before, but not after being 
boiled, and the redness disappears on exposure to the air. 
Mixed with a suflicient quantity of lime water, they become 
turbid from the deposition of carbonate of lime. They fire- 
quently contain the carbonate of lime, magnesia, and iron, ia 
consequence of the facility with which these salts are dissoL 
Ted by water charged with carbonic acid. 

The best mode of determining the quantity of carbonic acid 
ia by heating a portion of the water in a flask, and receiving 
the carbonic acid by means of a bent tube, in a graduated jar 
filled with mercury. 

The chalybeate waters are characterized by a strong styp- 
tic, inky taste, and by striking a black colour with the infa« 
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non of gallnuts. The iron is sometimes combined with the 
muriatic or sulphuric acid ; but most frequently it is in the 
form of a carbonate of the protoxide, held in solution by free 
carbonic acid. On exposure to the air, the protoxide is oxi- 
dized, and the hydrated peroxide subsides, causing the ochre- 
bus deposit, so commonly observed in the vicinity of chaly* 
beate springs. 

To ascertain the quantity of iron contained in jbl mineral 
water, a known weight of it is concentrated by evaporation, 
and the iron brought to the state of peroxide by means of ni- 
trie acid. The peroxide is then precipitated by an alkali and 
weighed ; and if lime and magnesia are present, it may be 
separated from those earths by the process described in the 
last section. 

Chalybeate waters are by no means uncommon ; but the 
most noted in Britain are those of Tunbridge, Cheltenham, 
and Brighton. The Bath water also contains a small quantity 
q£ iron. 

The sulphurous waters, of which the springs of Aix la Cha- , 
pelle, Harrowgate, and Moffat afford examples, contain suK 
phuretted hydrogen, and are easily recognized by their odor, 
and by causing a brown precipitate with a salt of lead or sil. 
ver. The gas is readily expelled by boiling, and its quantity 
may be. inferred by transmitting it through a solution of the 
acetate of lead, and weighing the sulphuret which is gene«> 
rated. 

Those mineral springs are called saline which do not be- 
long to either of the preceding divisions. The salts which 
are most frequently contained in these waters, are the sul- 
phates, muriates, and carbonates of lime, magnesia, and soda. 
Potassa sometimes exists in them, and Berzelius has found 
lithia in the spring at Carlsbad. It has lately been discovered 
that the presence of hydriodic acid in small quantity is not 
nnfrequent. As examples of saline water may be enumera- 
ted the springs of Epsom, Cheltenham, Bath, Bristol, Bareges, 
Buxton, Pitcaithly, and Toeplitz. 

The first object in examining a saline spring is to determine 
the nature of its ingredients. Muriatic acid is detected by 
the nitrate of silver, and the sulphuric acid by muriate of 
baryta ; and if an alkaline carbonate be present, the precipi. 
tate occasioned by either of these tests will contain a carbon- 
ate of silver or baryta. The presence of lime and magnesia 
may be discovered, the former by the oxalate of lime, and the 
latter by carbonate of ammonia and phosphoric acid. Pot^ 
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assa is known by the action of the muriate of platinum. To 
detect soda, the water should be evaporated to dryness, the 
deliquescent salts removed by alcohol, and the matter iasohi- 
blein that menstruum taken up by a small quantity of water, 
and be allowed to crystallize by spontaneous evaporation. 
The salt of soda may then be recognized by the rich yellow 
colour which it communicates to flame. If the presence of 
hydriodic acid is suspected, the solution is brought to dry- 
ness, the soluble parts dissolved in two or three drachms of 
a cold solution of starch, and strong sulphuric acid gradually 
added. 

Having thus ascertained the nature of the saline ingredi- 
ents, their qtiantity may be determined by evaporating a pint 
of water to dryness, heating to low redness, and weighing 
the residue. In order to make an exact analysis, a given 
quantity of the mineral water is concentrated in an evapora- 
ting basin as far as can be done without causing either pre- 
cipitation or crystallization, and the residual liquid is divided 
into two equal parts. From one portion the sulphuric and 
carbonic acids are thrown down by the nitrate of baryta, 
and afler collecting the precipitate on a filter, the muriatic 
acid is precipitated by the nitrate of silver. The mixed sul- 
phate and carbonate is exposed to a low red heat, and weigh- 
ed ; and the latter is then dissolved by dilute muriatic aci4 
and its quantity determined by weighing the sulphate. The 
chloride of silver, of which 146 parts correspond to 37 of 
muriatic acid, is fused in a platinum spoon or crucible, in 
order to render it quite free from moisture. To the other 
half of the concentrated mineral water, oxalate of lime is add- 
ed for the purpose of precipitating the Mme ; and the magne- 
sia is afterwards thrown down as the ammoniaco-phosphate, 
by means of the carbonate of ammonia and phosphoric acid. 
Having thus determined the weight of each of the fixed in- 
gredients, excepting the soda, the loss of course gives the 
quantity of that alkali ; or it may be procured in a separate 
state by the process described in the foregoing section. 

The individual constituent of the water being known, it 
remains to determine the state in which they were originally 
combined.' fn a mineral water containing sulphuric and mu- 
riatic acids, lime, and soda, it is obvious that three cases are 
possible. The liquid may contam sulphate of lime and mo- 
riate of soda, muriate of lime and sulphate of soda, or each 
acid may be distributed between both the bases. It was at 
one time supposed that the lime must be in combination with 



ANALYSIS OF MINERAL WATBBS. 345 

sulphuric acid, because the sulphate of that earth is left when 
the water is evaporated to dryness. This, however, by no 
means follows. In whatever state the lime may exist in the 
original spring, gypsum will be generated as soon as the con- 
centration reaches that degree at which sulphate of lime 
cannot be held in solution. The late Dr. Murray,* who 
treated this question with much sagacity, observes that some 
mineral waters, which contain the four principles above men^ 
tioned, possess higher medicinal virtues than can be justly 
ascribed to the presence of sulphate of lime and muriate of 
soda. He advances the opinion that alkaline bases are uni- 
ted in mineral waters with those acids with which they form 
the most soluble compounds, and that the insoluble salts ob- 
tained by evaporation are merely products. He therefore 
proposes to arrange the substances determined by analysis 
according to this supposition. To this practice there is no 
objection ; but it is probable that each acid is rather distribu. 
ted between several bases than combined exclusively with 
one of them. 

Sea water may be regarded as one of the saline mineral 
waters. Its taste is disagreeably bitter and saline, and jts 
fixed constituents amount to about three per cent. Its speci- 
fic gravity varies from 1,0269 to 1.0285 ; and it freezes at 
about 28.5° F. According to the analysis of Dr. Murray, 
10,000 parts of water from the Firth of Forth contain 220,01 
parts of common salt, 33.16 of sulphate of soda, 42.08 of 
muriate ,of magnesia, and 7.84 of muriate of lime. Dr. 
'Wollaston has detected possa in sea water, and it like* 
wise contains small quantities of the hydriodic and h;^dro- 
dic and hydro-bromic acids. 

' The water of the Dead Sea has a far stronger saline im- 
pregnation than sea water, containing one-fourth of its weight 
of solid matter. It has a peculiarly bitter, saline, and pun- 
gent taste, and its specific gravity is 1.211. According to 
the analysis of Dr. Marcet, 100 parts of it are composed of 
muriate of magnesia 10.246, muriate of soda 10.36, muriate 
of lime 3.92, and sulphate of lime 0.054. In the river Jor- 
dan, which flows into the Dead Sea, Dr. Marcet discovered 

the same principles as in the lake itself. — Tumer^s Chemistry, 

II , ' 

* Philosophical TruMMOtioni of KdiDburgh, vol. vii. 
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Table of Chemical Equivalents., Atomic Weights, or Proportional 
Numbers, Hydrogen being taken as Unity,* 

• In preparing the following tabular view of the atomic weights, I 
have chiefly consulted the table published by Dr. Thompson in his 
First Principles of Chemistry, and by Mr. Phillips in the new senesy 
lOth volume, of the Annals of Philosophy. From the full account 
already given of the Laws of Combination and of the Atomic Theory, 
it will be superfluous to describe the uses of the table. The only ex- 
planation required on this subject, relates to the ingenious contrivance 
of Dr. WoUaston, called the Scale of Chemical EquivaUnU, This 
useful instrument is a table of atomic weights, comprehending all those 
substances which are most frequently employed by chemists in the lab- 
oratory ; and it only diflers from other tabular arrangements of the 
same kind, in the numbers being attached to a sliding rule, which is 
divided according to the principle of that of Gunter. From the math- 
ematical construction of the scale, it not only soryes the same purpose 
as other tables of atomic weights, but in many instances supersedes 
the necessity of calculation. Thus, by inspecting the common table 
tff atomic weights, we learn that 88 parts, or one atom, of the sulphate 
of potassa contain 40 parts of sulphuric acid and 48 of polassa ; bat 
recourse must be had to calculation when it is wished to determine the 
quantity of acid or alkali in any other quantity of the salt. This know- 
ledge, on the contrary, is obtained directly by means of the scale of 
chemical equivalents. For example, on pushing up the slide until 100 
fliiarked upon it, is in a line with the name sulphate of potassa on the 
fixed part of the scale, the numbers opposite to the terms sulphuric 
acid and potassa, will give the precise quantity of each contained in 
100 parts of the compound. In the original scale of Dr. WollastoOf 
for a particular account of which I may refer to the Philosophical 
Transactions for 1814, oxygen is taken as the standard of comparison; 
but hydrogen may be selected for that purpose with equal propriety. 

Acid, c. 2 w. 42 

carbonic, (c. 6 -f- a 16) 32 

chloric, (cbl. 36 4" o. 40) 76 

chloriodic, (chl. 72 -^ iod. 124) 196 

ehloro-carbonic, (cfal. 36 -f" 

carb. oxide 14) .^ 6Q 

,1 . - . ■ - ., . ■ ... ■ — . — 

* Prom Turner's Chemistry. 

^ C aneans crystallized, w, water ; and the nmneral before w, exprasses the 
bsr of atoms of water which the crystals contain. O meana eiygen. 
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69 


arsenic, (a 38 -f o. 24) 


62 


• araenious, (a. 38 + o. 16) 


54 


brazoiCy 


120 


boracic, (b 8 + a 16) . 


24 
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Acid, chlorocyanic (chL 36 4~ cyan. 

26) . . 62 

chromic, (chr. 28 -(- o. 24) 52 

citric, . 58 

c. 2 w. ~. . 76 

oolumbic, . . 152 

fluoboric, (bor. a 24 -j- fl. a. 10) 34 

fluoric, . . 10 

formic, . 37 

fluosQicic, (fl. a. 10 + siL 16) 26 

gallic? . 62 

hydriodic, (iod. 124 + hrd. 1.) 126 
hydrocyanic, (cyan. 26 -f- hyd. 

1) . . 27 

hypoBulphurous, (s. 16 + o. 8) 24 

hyposuiphm-ic, (s. 32 -f- o. 40) 72 

iodic, (iod. 124 -f- a 40) 164 

malic, . , 70 

manganeseous 1 . 52 

roanganesic 1 . 60 

molybdous, . , 64 

molydbic, . . 72 

muriatic, (chl. 36 + hyd. 1) 37 

nitric, dry (nit. 14 + o. 40) 64 

nitric, liquid (sp. gr. 1. 6) 2 w. 72 

nitrous (nit 14 -)- o. 32) 46 

oxalic, . . 36 

c. 4w. . . 72 

perchloric, (chl. 36 4- o. 56) 92 

phosphorous, (p. 12 -f- o. 8) 20 

phosphoric, (p. 12 -|- o. 16) 28 

saccholactic, . . 104 

selenic, (sel. 40 -|- o. 16) 66 

succinic, . . 50 

sulphiiric, dry (s. 16 + o. 24) 40 

liquid, (sp. gr. 1. 8438.) 1 w. 49 

sulphurous (s, 16 + o. 16) 32 

tartaric, . » . 66 

c. 1 w. . . 75 

titanic, . . 48 

tungstic, (t. 96 -|- o. 24) 120 

uric, . . 72 

Alcohol, (olcf. gas 14-j- aq. vap. 9) 23 

Alum, anhydrous, . 262 

c. 26 w. . . 487 

Alumina, . . 18 

sulphate, ... 58 

Aluminufh, , . lo 

Ammonia, (nit 14 -|- hyd. 3) 17 

Antimony, 44 

chloride, (ant. 44 + chl. 36) 80 

iodide, (ant 44 -|- iod. 124) ' 168 

oxide, (ant 44 -f- o. 8.) . 62 

deutoxid^ . . 56 



Antimony, peroxide, €0 

sulf^uret, 60 

Arsenic, ... 38 

sulphuret, (realger) . 54 

■esquisulphuret*, (orpiment) 62 

Barium, 70 

chloride, (b. 70 -f chl. 36) lOtt 

iodide, (b. 70 + iod. 124) 194 

oxide, (baryta) . 78 

peroxide? . . 86 

phosphuret, . 82 

sulphuret, . . 86 

Bismuth, . . 72 

chloride, (b. 72 -j- chl. 36) 108 

oxide, . . 80 

iodide, (b. 72 + iod. 124) 196 

phosphuret, (b. 72 -|- p. 12) 84 

sulphuret, (b. 72 -f s. 16) 88 

Boron, ... 8 

Cadmium, . . . 56 

chlonde, (cad. 66 + chl. 36.) 92 

oxide, . . 64 

iodide, . . 144 

phosphuret, . . 68 

sulphuret, . . 72 

Calcium, , . 20 

chloride^ (Cal. 20. + chl. 36) 56 

iodide, . . 144 

oxide, (lime) . . 28 

phosphuret, . . 32 

sulphuret, . . 36 

Carbon, ... 6 

bisulphuret, (c. 6 + s. 32; 38 

chloride, . . 42 

perchloride, . 120 

oxide, ' . . 14 

phosphuret, . . 18 

Cerium, ... 60 

oxide, . s 58 

peroxide, . . 62 

Chlorine, 36 
hydrocarburet, (cU. 36 -f" ^^' 

gas 14) . 50 

oxide, (chL 36 -|- o. 8) . 44 

peroxide, . . 68 

Chromium, . . 28 
oxide, . .36 

deutoxide, 44 

Cobalt, . 26 

chloride, (cob. 26 + chl. 36) 62 

iodide, . . 160 

oxide, . . 34 

peroxide, . . 38 

phosphuret, . 38 



* I Proportion of arseaic, and 1 1*2 sulphur. 
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Cobalt, lulphuret, 42 

Columbium, * 144 

Copper, ... 64 

chloride, (cop. 64 chl. 36. 100 

bi-chloride, (c 64 -j- chL 72) 136 

iodide, (c 64 4- iod. 124) 188 

oxide, (c 64 + o. 8) . 72 

peroxide, (c. 64 '-I- o. 16) 80 

l^osphoret, . 76 

sulpburet, 80 • 

bi-Aulphnret, 96 

Cyanogoi, (carb. 12 -|~°it* 14) 26 

C3ranuret of sulphur, (cy. 26 -|- 8. 

32) . . 58 

Ether, (olef. gas. 28 -\- wat vap. 9) 37 

Fluorine, : . 18 

Glucinum, . . 18 

Glucina, . 26 

Gold, . . .200 

chloride, (g. 200 -|-chl. 36) 236 

bichloride, (g. 200 + 72) 272 

iodide, (g. 200 + iod 124) 324 

oxide, (g. 200 +<>• 8-> 208 

peroxide, (g. 200 + o. 24) 224 

sulphuret, (g. 200 + s. 48) 248 

Hydrogen, . 1 

arseniuretted, (a. 38 + h. 1) 39 

carburetted, (c. 6 -|- *i- 2) 8 

bicarburetted, (olefiant gas) (c. 

12 + h. 2.) . 14 

seleniuretted, (s. 40 -|- h. 1) 41 

sulphuretted, (s. 16 -f- h. 1) 17 

bisulpuretted, (s. 32 -{- h. 1) 33 

Hydruret of phosphorus, . 13 

Bihydruret of phosphorus, . 14 

Iodine, . . . 124 

Iridium, ... 30 

Irw, ... 28 

cliloride, (i. 28 + chL 36) 64 

perchloride, (i. 28 + chl. 54) 82 

iodide, (i. 28 4- iod. 124) 152 

oxide, (i. 2^ -f <>• 8) • 36 

peroxide, (i. 28 -f- o. 12) 40 

sulphuret, (i. 2& -|- s. 16) 44 

bisulphuret, (i. 28 -|- s. 32) 60 

Lead, . . 104 

chloride, (1. 104 -fchl. 36) 140 

oxide, (1.104+ o. 8) . 112 

deutoxide, (I. 104 -fo. 12) 116 

peroxide, (1. 104 + o. 16) 120 

phosphuret, (I. 104 + p. 12 116 

sulphuret, (1. 104 + s. 16) 120 

Lithium, ... 10 

chloride (L 10 -j- ch. 36) 46 

iodide, 134 

oxide, (lithia) . 18 

sulphuret, . 26 



Magnesium, 


12 


chloride, (m. 12 + chl. 36) 


48 


oxide (magnesia,) 


20 


sulphuret, 


98 


Manganese, 


28 


chloride, (m. 28 + chl. 36) 


64 


oxide, (m. 28 -[- a 8) . 


36 


deutoxide, (m. 28 + 0. 12) 


40 


peroxide, m. 28 + a 16) 


44 


sulphuret, 


44 


Mercury, 


200 


chloride, (calomel) (m. 200 + 




chl. 36) 


236 


bichloride, (corros. subL) (m. 




200 + chl. 72) 


272 


idoide, (m. 200 + iod. 124) 


324 


biniodide, (m. 200 + iod. 248) 


448 


oxide, (m. 200 + o. 8) 


206 


peroxide, (m. 200 + o. 16) 


216 


sulphuret. 


216 


bisulphuret. 


tm 


Molybdenum, 


48 


oxide, (m. 48 + o. 8) . 


56 


deutoxide, (m. 48 + o. 16) 


64 


Molybdic acid, (m. 48 + 0. 24) 


72 


Nickel, (Lassaigne) 


40 


chloride, (n. 40 + chl. 36) 


76 


iodide, 


164 


oxide, (n. 40 + o. 8) 


48 


peroxide, (n. 40 + o. 16) 


56 


phosphuret, 


52 


sulphuret, . ^ 


56 


Nitrogen, 


14 


bibcarburet, (cyanogen) 


26 


chloride, (n. 14-t-xhL 144) 


158 


iodide, (n. 14 + iod. 372) 


386 


oxide, (n. 14 + o. 8) 


22 


deutoxide, (n. 14 + o. 16) 


30 


Oxygen, 


8 


Palladium, 


66 


oxide. 


64 


Phosphorus, 


12 


chloride, (p. 12 + chl 36) 


48 


bichloride. 


&4 


carburet. 


18 


Sulphuret, 


28 


Platinhim, 


96 


chloride, (p. 96 + chL 36) 


132 


bichloride, 


168 


Platinum, oxide. 


104 


deutoxide, 


112 


si^phuret, 


112 


bisulphuret, 


1S3 


Potassium, 


40 


chbride, (p. 40 + chl. 36) 


76 


iodide, 


164 


oxide, (potessa) 


43 
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Potasrium, peroxide, p. 40 -f" <i^ )!^ ^ 

phoflphureC, 52 

sulphuret, 66 

ahodium, 44 

oxlde^ . . 52 

peroxide, 60 

Seleniam, . 40 

Silica, ... 16 

SUlidum, . . 8 

Silver, . 110 

chloride, (s. 1 10 -f chL 86; 146 

iodide, 234 

oxide, (s. 110 + 0.8.) 118 

phosphuret, . . 122 

milphuret, . 126 

Sodiam, . 24 

chloride, (s. 24 >f- chL 96) 6o 

iodide, . . 148 

oxide, (soda) . . 32 

peroxdie, (s- 24 -f" o. 12) 36 

phoepharet, . . 36 

Bulphoret, . 40 

Strontium, . . 44 

chloride, . . 80 

iodide. . . 140 

oxide, (strontia), . 56 

phosphuret, . . 62 

sulphuret, .66 

Sulphur, . 10 

chloride, (s. 16 -\- chL 36) 66 

iodide, (s. 16 -f-iod. 124) 142 

phosphuret, . . 28 

Sulphuretted hydrogen, . 17 

Bisulphuretted hydrogen, . 33 

Tellurium, (Berzelius) 32 

chloride, . 68 

oxide, . 40 

Tin, ... 68 

chloride, (t 68 + chL 36) 94 

bichloride, 130 

oxide, 66 

deutoxide, . 74 

phosphuret, . 70 

sulphuret, 74 

bisulphuret, 90 

Titanium, 32 

Titanium, oxide,' . 40 

Titanic acid, . 48 

Tungsten, . 96 

oxide, (brown), (t 96 + o. 16) 112 

Tun^tic acid, (t. 96 + o. 24) 120 

Uranium, . 208 

oxide, . 216 

peroxide, . 224 

Water, ... 9 

YttriniD, . t • 34 



Oxide, (Tttria) . 42 

Zinc, ... 34 

chloride^ . • 70 

oxide, . . 42 

phosphuret, . . 46 

sulphuret, . 60 

Zinconium, . • 40 

Zirconia, . • 48 

Sdhs. 

Acetate of alumina, (ac a. 60 -|- al» 

18.) . . 68 

c. i. w, . . . 77 

ammonia, (ac. a. 60 -^ am. 17.) 67 

c. 7. w. . . 130 

baryta, (ac. a. 60 -f- b. 78.) 128 

C. 3 w. . 166 

. cadmium, (c 2 w.) . 132 

copper, (ac. a. 60 -j- perox. 80.) 130 

c. 6 w. (com. verdigris,) 

binacetate, 

c. 3 w. (distilled verdigris,) 

subacetate, (ac a. 60 -f- perox. 
160 

lead, 

c 3 w. 

lime, 

magnesia, 

mercury, (protoxide) c. 4 w. 

potassa, 

silver, 

strontia, c. 1 w. 

zinc, 

c 7. w. 
Arseniate of lead, 

lime, 

magnesia, 

potassa, 
Binarseniate of potassa, c 1 w. 
Arseniate of soda, 
Binarseniate of soda, c. 6 w. 
Arseniate of strontia, 

silver, 
Arsenite of lime, 

potassa, 
Arsenite of soda, 

silver, 
Carbonate of ammonia, (carb. a. 22 

-[-am. 17.) 
Sesquicarbonate of ammonia, (carb. 

a. 3a + am. 17. + w. 9.) 
Bicarbonate of do. 1 w. 
Carbonate of baryta, 

copper, 

iron, (protoxide) 

lead, 



184 
180 
207 

210 
162 
189 

78 

70 
294 

98 
168 
111 

92 
166 
174 

90 

82 
110 
181 

94 
201 
114 
180 

82 
102 

86 
172 

39 

59 

70 

100 

102 

68 

134 
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Carbonate of lime, . 60 

magnetia, 42 

manganMe, • 68 

potassa, 70 

Bicarbonate of potasaa, 92 

c. 1 w. , . 101 

Carbonate of soda, . 64 

c. 10 w. 144 

Bicarbonate of soda, c 1 w. . 85 

Carbonate of strontia, 74 

zinc, ... 64 

Chlorate of baryta, (ch. a. 76 -|- b. 

78) . . 154 
lead, . . .188 

mercury, . . 284 

potassa, 124 

Chroniate of baryta, . 130 

lead, . . . 164 

mercury, . 260 

|)otassa, (chr. a. 52 -f- p. 43) 100 

Bichromate of potassa, 152 

Fluate of baryta, 88 

lead, ... 122 

lime, ... 38 

Muriate of ammonia, (mur. a. 37 

■f- am. 17) . 54 

baryta, c. 1 w. . . 124 

lime, c. 6 w. 119 

magnesia, . . 67 

strontia, c. 8 w. .^ 161 

Nitrate of ammonia, (nit a. 54 -I- 

am. 17) . 71 

baryta, . . 132 

bismuth, c. 3. w. 161 
lead, . . .166 

lime, . . . 82 

Nitrate of magnesia, . 74 

mercury (protoxide,) c. 2 w. 280 

pota&sa, 102 

silver, . . 172 
soda, . . .86 

strontia, . . 106 

Oxalate of ammonia, (Ox. a. 36 -{~ 

am. 17) . 53 

c. 2. w. . 71 

baryta, . 114 

Binoxalate of baryta, . 150 

Oxalate of cobalt, 70 

lime, 64 



Oxalate of nickel, 



c. 12 w. 
Binoxalate of potassa, 

c. 2 w. 
Quadroxalate of potaaaa, 

6. 7 w. . . • 

Oxalate of stKHitia, 
Binoxalate of strontia. 
Phosphate of ammonia, c. 2 w. 

baryta, 

lead, 

lime, 

magnesia, 

poda. 

Sulphate of alumina, ^ . 

amnumia, c. 1 w. 

baryta, 
Sulphate of co|y>er, (sulph. a. 40 -f- 

perox. 80) 
Bisulphate of do. 

c. 10 w. (blue vitriol,) 
Sulphate of iron, (protoxide) 

c. 7 w. (green vitriol) 

lead, 

lime, . 
c. 2 w. 

lithia, c. 1 w. . 

magnesia, c. 7 w. 

mercury, (sulph. a. 40 -}~ perox. 
216) 
Bisulphate of mercury, (peronde) 
Sulphate of potassa, 
Bisnlphate of potassa, c. 2 w. 
Sulphate of soda, 
c. 10 w. 

strontia, 

zinc, 

c. / w. . 

Sulphate of alumina and potaasa, 

c. 25 w. (alum) 
Nitrate of lead, 

lime, 

potassa, 
Bitartrate of potassa, 

c. 2 w. (cream of tartar) 
Tartrate of antimony and potassa, 
c. 3 w. (tartar emetic,) 



84 

84 

93 

1» 

138 

192 

255 

88 

124 

63 

10(K 

140 

56 

48 

60 

168 

58 

66 

118 

120 

160 

250 

76 

139 

152 

68 

86 

67 

123 

256 

296 

88 

146 

72 

162 

92 

82 

145 

262 

487 

178 

94 

88 

180 

196 

363 
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Acetatee, 300 
Acetate of copper, 301 

of lead, 300 
Acid, acetic, 299 

antimonious, 255 

arsenic, 250 

boracic, 163 

carbonic, 149 

chloric, 167 

chromic, 252 

citric, 304 

flaoric, 173 

hydrocyanic, 191 

iodic, 170 

meconic, 319 

molybdic, 353 

muriatic, 166 

nitric, 144 

nitrous, 143 

nitro-muriatic, 126 

oxalic, 301 

oxy muriatic, 163 

phosphoric, 161 

phosphorous, 162 

prussic, 191 

pyroligneouB, 300 

sulphurous, 155 

sulphuric, 157 

tartaric, 302 

tungstic, 254 

vegetable, 299 
Agents, imponderable, 10 
Air, atmospheric, 135 

thermometer, 36 
Affinity, 71 

chemical, 70 

double elective, 73 

elective, 73 

simple, 72 
Albamen, 322 



Alcohol, 315 
Alembic, 101 
Alkali, volatile, 147 

vegetable, 318 
AUanite, 256 
Alloys, 202, 
Alum, 273 
Alumina, 237 
Amalgams, 204 
Ammonia, 146 

liquid, 147 

muriate of, 286 
Analysis of vegetables, 299 

of minerals, 335 

of waters, 341 
Animal chemistry, 321 

oils, 323 

heat, 328 
Antimony, 254 

oxides of, 255 

sulphuret of, 255 

tartrate of, 302 
Aqua fortis, 144 

regia,2ll 
Aqueous fusion, 267 
Arrow root, 308 
Arsenic, 249 

oxide of, 250 

sulphurets of, 251 

test of, 250 

white, 250 
Arsenites, 251 
Atmospheric air, 135 

composition of^ 135 
Atomic theory, 98 
Attraction, 69 

of cohesion, 70 
• chemical, 70 
Azote, 138 
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Balance, portable, 107 
Balloons, 124 
Barium, 225 

protoxide of, 225 
Barytes, 225 
Barley, malting of, 313 
Barometer, 105 

thermometric, 18 
Bell glass, 106 
Bismuth, 259 

oxide of; 259 
I flowers of, 259 

magistery of, 259 
Black lead, 245 

Black oxide of manganese, 241 
Bleaching powder, 229 
Blende, 246 
Blood, 323 
Blowpipe, common, 102 

Gahn's 103 

compounci, 129 
Blue, Prussian, 191 
Bodies, elementary, 112 

ponderable, 112 
Boiling of liquids, l7, 24 
Borates, 282 
Borax, 283 
Boron, 163 
Brass, 246 ^ 

Cadmium, 247 
Calamine, 246 
Calcium, 227 

oxide of, 228 
Calomel, 206 
Caloric, 11 

conductors of, 22 

combined, 13 

free, 13 

equilibrium of, 12 

expansion of, 25 

radiation, 29 

specific, 32 

sources of, 41 

of fluidity, 13 

capacity for, 32 
Canton's phosphorus, 46 
Caoutchouc, 319 
Carbon, 147 

sulphuret of, 195 
Carbon and oxygen, 149 
Carbonic acid, 149 

oxide, 154 



Carbenates,284 
Carbonate of potash, 285 

of soda, 285 

of lead, 263 
Carburetted hydrogen, 175 
Caustic, lunar, 278 
Cerium, 256 
Cistern, pneumatic, 131 
Chemical affinity, 70 
force of, 83 

combinations, 79 

apparatus, 100 

equivalents, 93 
Chemistiy, definition of, 9 
Chlorates, 279 
Chlorate of potash, 280 
^Chlorides, 279 
* Chloride of nitrogen, 168 

of calcium, 1^1 

of lime, 229 
Chlorine, 163 

oxides of, 167 
Chlorine and oxygen, 167 
Chromium, 251 
Chromate of lead, 252 

of iron, 252 
Chrome yellow, 252 
Cinchonia, 320 
Cinnabar, 204 
Coal gas, 304 
Cobalt, 257 

oxides of, 256 

arsenical, 257 
Cohesive attraction, 70 
Cold, artificial, 39 
Colouring matter, 309 
ofthe blood, 324 

art of, 309 
Colours, primary, 45 
Columbium, 254 
Combination, 79 

by volume, 91 
Common salt, 223 
Combining proportions, 86 
Combined caloric, 13 
Combustion, 118 

in oxygen, H9 

spontaneous, 311 
Conductors of caloric, S2 
Concave mirrors, 29 
Copper, 260 

protoxide of, 261 

peroxide of, 262 

•alpharetofy262 
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Copperas, 274'' 
Corrosive sublimate, 207 
Cream of tartar, 302 
Crjophoms, 20 
Crucible, 100 
Crystallization, 267 

water of, 267 
Cups, galvanic, 60 
Cyanogen, 191 
Cyanuret of mercury, 190 

Decomposition, double, 76 
Definite proportions, 86 
Decrepitation, 267 
Double salts, 269 
Destructive distillation, 304 
Diamond, 147 

Differential thermometer, 36 
Dropping tube, 103 
Diana's silver tree, 208 
Dolomite, 46 

Earths, 236 
Efilorescence, 268 
Elasticity, efiecte affinity, 78 
Elective affinity, 73 

double, 74 
Electricity, 48 

conductors of, 52 
theory of, 51 
Electrics, 49 

Electro-ohemical theory, 66 
Elements, 9, 112 

their number, 113 
Emetic tartar, 203 
Epsom salt, 272 
Equivalents, 93 

scale of, 96 
Essential oils, 312 
Ether, 316 

evaporation of, 21 
Etching on glass, 174 
Eudiometry, 142 
Extractive matter, 309 
Expansion by heat, 25 

of solids, 25 

of liquids, 27 

of gases, 28 
Evaporation, 18 
Evaporatmg dish, 102 

Fermentation, 313 

saccharine, 313 

vinous, 313 
Fellmg colliezy, 178 



Fibrin, 321 
Fire damp, 177 
Fixed air, 149 
Fixed oiki, 311 
Florence flaik, 102 
Friction, 43 
Flowers of sulphur, 155 

of zinc, 246 
Fluidity, caloric of, 13 
Fluoric acid, 173 
Fulminating powder, 277 
Food of plants, 294 
Freezing miztnres, 41 
Fluate of lime, 173 
Fowler's solution, 251 
Fusible alloy, 202 
» Furnace, lamp, 106 

Galena, 262 
Galvanic, battery, 61 

circle, 56 

trough, 59 

poles, 58 

cups, 65 

pile, 57 
Galvanism, 54 

chemical effects of, 61 

heating effects of, 68 

theory of, 55 

discovery of, 48 
Gases, combine by volume, 91 

expand equaUy, 27 

their weight, 109 
Gas, oxygen, 115 

hydrogen, 122 

carbonic acid, 149 

carbonic oxide, 154 

chlorine, 163 

muriatic acid, 166 

fluoric acid, 173 

lights, 183 

olefiant, 182 

nitrogen, 134 

nitrous oxide, 138 
Gas apparatus, 104 
Gelatine, 322 
Germination, 290 
Gilding, 211 
Glass, 240 
Glauber's salt, 270 
Glucina,238 
Gold, 210 

etherial solution of, 211 
Gravitation, 70 
Gravity, 79 
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Growth of plants, S94 
Gun powder, 277 
GypBum,271 

Hartshorn, 146 
Heat, 11 

animal, 328 

latent, 131 

matter of, 11 

radiation of, 28 
Hjdriodate of potash, 171 
Hydriodic acid, 171 
Hydro-nitric acid, 145 
Hydrogen, 122 

carburetted, 175 

sulphuretted, 187 

phosphuretted, 189 
Hydrosulphurets, 288 ~ 
Hydrosulphuret of potash, 288 

Ice cream, 40 
Imponderable agents, 10 
Ink,indeUble,278 

sympathetic, 258* 
Inorganic chemistry, 115 
Iodides, 170 
Iodine, 169 
Iodic acid, 170 
Iodine and hydrogen, 171 
Iridium, 216 
Iron, 242 

meteoric, 243 

oxides of, 243 

rust of, 243 

carburet of, 244 

sulphate of, 274 

Bulphuret of, 245 

tinned, 248 
Isinglass, 322 
Ittria, 238 

Kelp, 286 

Kidg's yellow, 251 

Lamp, furnace, 106 

flameless, 213 

safety, 181 
Latent heat, 13 
Laws of combination, 86 

of proportion, 88 
Lead, 262 

oxides of, 263 

white, 263 

sulphuret of, 264 

poisonous, 265 



Lemons, salt of, 904 
Liquid ammonia, 147 

phosphorus, 16 1 
Light, 44 

decomposition of, 44 

without heat, 45 

effects of, on eoloors, 47 

effects of, on crystallization, 47 
Light carburetted hydrogen, 175 
Lime, 229 

chloride of, 229 

phosphuret of, 234 

water 229 

carbonate of, 284 
Liquids, expand by heat, 27 

conducting powers of^ 24 
Litharge, 263 
Lithium, 224 
Lunar caustic, 278 

Magistery of bisnmth, 259 
Magnesia, 236 

sulphate of, 272 
Manganese, 241 

oxides of, 241 
Massicot, 263 
Matrass, 100 
Molasses, 307 
Meltmgpot, 100 
Mercury, 204 

peroxide of, 206 

protochloride of, 206 

sulphuret of, 207 
Metallic compounds, 201 

salts, 201 

alloys, 202 
Metals, 196 

general properties of, 197 

how reduced, 199 

arrangement of, 203 

combustible, 198 

meteoric iron, 243 
Mineral green, 26 1 
Mineral waters, 340 
Mirrors, concave, 29 
Mixtures, 85 
Molybdic acid, 253 
Molybdenum, 253 
Mordant, 310 
Morphia, 319 . 
Multiple proportions, 88 
Muriates, 286 
Muriatic acid, 166 
Musical tones, 125 
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Narcotine, 320 

Nickel, 958 

Nitrates, 275 

Nitric acid, 144 ' 

anhydrous, 145 

Nitric oxide, 141 

Kitre, 276 

Nitrous acid, 143 
oxide, 138 

Nitrogen, 134 

chloride of, 168 
and hydrogen, 146 

Nomenclature, llO 

Non-metallic bodies, 115. 

Oil gas, 184 
Oil of vitriol, 157 
Oils, vegetable, 311 
Olefiantgas, 182 
Opium, 319 
Organic chemistry, 289 
Orpiment, 251 
Osmium, 21 6 
Oxalates, 301 
Oxides, metallic, 198 
Oxidation, 112, 118, 198 
Oxygen gas, 115 

combustion in, 119 
Oxy muriatic acid, 163 
Oxymuriate of potash, 280 
Oxygenized water, 1^ 

Palladium, 215 
Pearlash, 285 
Phosphates, 282 
Phosphate of soda, 282 
Phosphoric acid, 161 
Phosphorus, 160 
Phosphorescence, 45 
Phosphuretted hydrogen, 189 
PileofYolta,57 
plants, growth of, 294 
Plants, food of, 294 
Plaster of Paris, 271 
Platinum, 212 . 

sponge, 120 

protoxide of 215 

peroxide of, 215 
Pneumatic cistern, 131 
Plumbago, 245 
Ponderable bodies, 112 
Potassa,220 
Potassium, 217 

oxide of, 220 



Potato starch, 308 

Potash carbonate of, 285 

Precipitate, red, 206 

Proportions, definite, 86 
by volume, 91 
how ascertained, 95 

Pmssic acid, 191 

Pyrites, 245 

Pyrometer, 25 

Quantity of matter, 77 
Quicklime, 228 
Quicksilver, 204 
Quinia,321 

sulphate of; 321 

Radiant heat, 28 
Realger, 251 

Red oxide of copper, 261 
Red lead, 264 

precipitate, 266 
Reduction pf metals, 199 
Reflectors, 29 
Resins, 312 ' 
Respiration, 325 
Receiver, 101 
Retort, 101 
Rhodium, 215 
Rust of iron, 243 

Saccharine fermentation, 313 
Safety lamp, 181 
Sal-ammoniac, 286 * 
Salifiable base, 265 
Salt, common, 223 

of sorrel, 301 

of lemons, 302 
Salts, 265 

remarks on, 265 

nomenclature of^ 110 
Sap of phints, 296 
Scale of equivalents, 96, 346 
Sealing wax, 318 
Serum, 323 
SUica, 239 
Silicium, 238 
Silver, 208 ^ 

solvent of, 208 
Silver tree, 209 
Silvering powder, 209 
Smalt, 257 
Soda, 223 

muriate of, 223 

carbonatt of, 285 
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Sodiam, 221 

protoxide of, 222 

chloride of, 223 
Solar spectrum, 45 
Solids expand by heat, 25 
Solution, 77 
Sources of caloric, 43 
Spar, Derbyshire, 284 

heavy, 270 
Specific gravity, 106 
of solids, 107 
of liquids, 108 
of gases, 109 « 
Spirituous liquors, 316 
Sponge, platina, 126 ' 

Starch, 308 
Steam, 15 

latent heat of, 16 
Steel, ^44 
Strontia,227 
Sugar, how made, 307 

of lead, 300 
Sulphates, 269 
Sulphate of potash, 269 

of soda, 270 

of baryta, 270 

of lime, 271 

of magnesia, 272 

of alumina, 273 

of iron, 274 

of zinc, 275 
Sulphur, 154 
Sulphurets, 201 
Sulphuret of lead, 264 

of arsenic, .251 

of antimony, 255 

of iron, 245 

of copper, 262 

of carbon, 195 
Sulphurous acid, 155 
Sulphuric acid, 157 
' Sulphuretted hydrodgen, 187 
Supporters of combustion, 1 13 
Synthesis, 9, 127 

Tannin, 3l0 
Tapioca, 308 
Tartar emetic 303 
Tartar, cream of, 302 
Tartaric acid, 302 
Tellurium, 260 
Temperature, animal, 22, 328 
Theory of atoms, 98 
Thermometer, 35 
differentia], 36 



Thermometer, air, 36 

construction of, 37 
Tin, 248 
Titanium, 260 
Tones, musical, 125 
Trough, galvanic, 59 
Tungsten, 253 
Tungstic acid, 254 
Turpentine, oil of, 313 

Uranium, 256 

Vacuum, boiling in, 17 
Vapour, 19 

Van Helmont's wiUow, 294 
Vegetation, 291 
Vegetable acids, 299 

alkalies, 318 

chemistry, 291 

analysis, 291 

ingredients of, 306 
Verdigris, 301 
Verditer, 261 
Vermillion, 208 
Vinegar, 299 
Vinous fermentation, 313 
Vitriol, green, 274 

white, 275 
Volumes, theory of, 91 
Volta's pile, 57 
Volatile salt 147 
Water, decomposition of 63, 122 

composition of 128 

properties of, 131 

oxygenized, 133 

weight of 132 

expands in freezing, 132 

of crystallization, 267 

boiling temperature of, 17 

analysis of, 63, 335 

sy^Uiesis of, 127 

Wheat flour, 309 
White arsenic, 250 
Wollaston's scale, 96,346 
Wolfram, 253 

Zinc, 246 

oxide of, 246 

flowers of, 246 

aIlojof,246 
2affree, 257 
Zirconia, 238 
Zero, 38. 
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ERRATA. 
Page §, line 1 1 from boUom, read hot iron tube. 



81 


12 


" do. read knt water. 


41 


14 


« " for 22« read 32«. 


116 


4 


" " read sulphuric add. 


120 


1 


" " for 100, read 28. 


134 


14 


" *' for 9ulj^iuric acidt read nUphmr. 


135 


8 


" top, read muahroom. 


143 


13 


" bottom for nitroua, read nitric 


180 


9 


" top, for make, read made. 


238 


6 


" " for doe* effect, read does not effect 


249 


9 


" bottom, after arjsenic, add 38. 


264 


13 


" *' read puce coloured. 


273 


2 


" top^ fbr a Utde, read little. 


316 


13 


" " read specific gravity. 
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